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PURIFIED GLYCERIDES; AND, PRODUCTS 
FIELD OF THE TNVFNTinN 

The present invention relates to ester production and isolation. In one 
5 type of application, it particularly concerns methods of isolating purified 
monoglycerides from crude monoglyceride mixtures. In another, it concerns 
isolation of purified diglycerides. In preferred applications, liquid-liquid extraction 
is utilized to advantage. The techniques can also be applied to isolate related 
materials, such as propylene glycol monoesters and derivatives of monoglycerides 

10 

BACKGROIfNn 

Monoesters such as monoglycerides are widely used food additives, 
for example as emulsifiers and dough conditioners. In general, such materials 
comprise esters of fatty acids. The term "monoglyceride" specifically refers to a 
1 5 derivative of glycerol, i.e., a glyceride, in which only one of the three available 
hydroxy groups of the glycerol moiety is esterified, hence the prefix "mono-". By 
"esterified" in this context, it is meant that the glycerol moiety forms the alcohol 
residue of an ester (typically with a fatty acid residue). 

In general, crude monoglyceride mixtures are made from reacting 
20 naturally occurring triglycerides, often obtained from oil seed processing, with 
glycerol. Such reactions generate a mixture of monoglycerides, diglycerides and 
triglycerides. Limitation on monoglyceride production, via this approach, is 
generally controlled by: (1) solubility of the glycerol in the reaction mixture; (2) the 
overall equilibria statistics; and, (3) time. Typical commercially available crude 
25 monoglyceride mixtures made using thi? approach include ratios of 

monoglyceride:diglyceride:triglyceride (by weight) of about 45:45:10; or about 
60:35:5, depending on processing conditions used. 

In many instances, it is preferred to utilize more purified 
monoglycerides. That is, crude monoglyceride compositions or mixtures are 
30 purified for at least partial isolation of the monoglycerides from the diglycerides and 
triglycerides. In general, monoglyceride distillation has been the most widely 
utilized technique for such purifications. Typically the crude monoglyceride 
mixture is distilled under vacuum, in a short path distillation process. The distillate 
generally comprises greater than 90% (by weight) monoglycerides. The remainder 
35 generally comprises diglyceride. During the process, the monoglycerides are 
generally heated to at least 200°C. 

In other processes, supercritical extractions have been used for 
isolation of monoglycerides. These generally concern extraction underpressures 
greater than atmospheric (typically 30-80 atmospheres) and temperatures in excess 
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b|l%°C (typically 1 lOX or so). They generally concern extractions with low 
molecular weight hydrocarbons, such as propane. Such approaches are generally 
prohibitively expensive, for application on a large scale. 

Closely related materials to monoglycerides include propylene glycol 
monoesters (PGME's). Such materials are generally made from esterifying 
propylene glycol with naturally occurring oils, i.e.. fatty acid mixnires, resulting in a 
mixture of monoesters and diesters. Generally the monoesters are isolated by 
distillation. Such materials are also widely utilized as emulsifiers and as dough 
conditioners in the food industry. 

In certain food applications, diglycerides are used. For example, 
diglycerides may be used as components of shortening and as fat replacers. As a 
result, in some instances, it is desirable to isolate diglycerides in a purified form, 
from a crude mixture. Techniques to accomplish this are described herein. Herein 
the term "diglyceride" refers to a derivative of glycerol in which two of the three 
available hydroxy groups of the glycerol are esterified; and, the term "triglyceride" 
refers to a derivative of glycerol in which all three available hydroxy groups are 
esterified. 

SUMMARY 

Methods for preparing purified ester compositions from crude ester 
compositions are provided. 

According to one aspect of the present invention, a method is 
provided for preparing a purified target ester-containing food composition. Herein 
the term "target ester" is meant to refer to the selected ester or mixture of esters, of a 
crude mixture of esters, to be isolated for purification. For example, if the crude 
ester composition comprises a mixture of glycerides and it is desired to isolate 
monoglycerides, the target ester fraction comprises the monoglycerides fraction or 
component of the mixture. Herein the term "food composition" in this context, is 
meant to include any material or component that is in a suitable form to be used as a 
food additive and/or in the fmal food product or food mixture. 

In general, the method of preparing a purified target ester containing 
food composition comprises providing crude ester composition which at least 
includes: 

1. at least one target ester; and, 

2. at least one contaminating ester. 

Herein the term "contaminating ester" is meant to refer to the ester 
components of the crude ester composition which do not comprise the target ester. 
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In general, the target ester will be selected from the group consisting 
of: (a) Cj-diol target esters of fatty acids; (b) Cj-triol target esters of fatty acids; and, 
(c) mixtures of the previous two. In typical instances, the target ester will comprise 
either monoester(s) or diester(s), or mixtures of the two. 

The contaminating ester will also typically be selected from: (a) C3- 
diol contaminating esters of fatty acids; (b) Cj-triol contaminating esters of fatty 
acids; or, (c) mixtures of the two. Typically the contaminating esters will include 
triesters, and in some instances will also include diesters or monoesters. For 
example, if the purpose is to isolate purified monoesters from a composition also 
comprising diesters and triesters, the target ester will comprise the monoester and 
the mixture of diesters and triesters will comprise the contaminating ester(s). On the 
other hand, if the intent is to isolate diesters from such a mixture, then the target 
ester will comprise the diester mixture and the contaminating esters will comprise 
the triesters (and most likely also the monoesters). Of course in some instances, 
both a purified monoester stream and a purified diester stream is desired. In such 
cases each is a target ester (at least relative to the other). 

According to the process, the step of extracting the crude ester 
composition is conducted with an aqueous alcohol phase that is tuned to selectively 
extract into the extracted phase a first of: (1) the selected target ester(s); and, (2) the 
selected contaminating ester(s), relative to a second of: (1) the selected target 
ester(s); and, (2) the selected contaminating ester(s). 

Herein the term "selectively extract", when used in this context, 
means an extraction which results in a higher ratio, by weight, of the selected 
ester(s) versus the non-selected ester(s) in the extractant phase, relative to the 
original phase from which extraction occurs. The "selected ester(s)", of course, may 
be either the target ester(s) or the contaminating ester(s). Thus, a selective extraction 
in this context is an extraction which, at the same time as extraction, results in some 
level of purification of the selected target ester(s). with respect to the contaminating 
esters. 

In certain preferred operations, after the extraction, the extractant 
phase, upon separation, is treated with a crude triglyceride phase. Typically this is a 
triglyceride wash. The effect will be to purify the extractant phase, by exu-acting 
into the triglyceride wash those ester materials preferentially soluble therein. Thus, 
as a result of the treatment or wash, there is generated a fimher purified extractant 
phase and a triglyceride phase. When such is the case, generally the process vwll 
include a step of separating the purified extractant phase from the triglyceride phase, 
the purified extractant phase in. some instances including therein the target ester. 
When such is the case, the target ester can then be separated from the solvent, to 
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form the resulting food composition. This material may then be preferentially ^ 
mtroduced mto food products, as described hereinbelow. 

applications, the extractant phase from the first extraction 
W.U mclude therein contaminating ester, that may be alternatively used or recycled 
5 and the raffinate phase will include therein the target ester. The target ester, in the ' 
raffinate phase, would then be used in food. 

The process is typically and preferably used to purify crude 
monoester compositions including C,-dioI or C^-triol monoester. of fatty acids 
The term "Cj-d.ol" as used herein is meant to refer to a 3-carbon chain dihydroxy 
compound, typically wherein each hydroxy group is on a separate carbon. The term 
C3-tnol as used herein is meant to refer to a 3-carbon chain trihydroxy compound 
typically wherein each hydroxy group is on a separate carbon atom. Typically C,- ' 
diol monoesters purified according to the present invention will comprise propylene 
glycol monoesters: and. C^-triol monoesters purified according to the present 
invention will comprise monoglycerides. Analogously, the target ester could be a 
diester of either a Cj-diol or a C3-triol. for example a diglyceride mixture. 

Typically, crude ester compositions to be purified according to the 
present invention will comprise crude ester compositions made from reactions of 
naturally occurring triglycerides, such as palm oil. canola oil. soybean oil, sunflower 
seed o,l, or beef tallow or various fats. The triol monoesters are typically prepared 
by reacting such nanirally occurring oils or fats with glycerol; and, the C3-diol crude 
monoester (or diester) compositions are generally prepared by reacting naturally 
occumng Uiglycerides with propylene glycol. TTie term "naturally occurring" i„ this 
context and m comiection with identifying oils or fats, is merely meant to refer to 
oils, fats or mixtures of oils and/or fats that can be isolated from natural products; for 
example from crops or animal processing. It is not meant that the materials are in 
their natural foim, but indeed typically will have been isolated through some fomi of 
processing. Also, it is not meant by the term "namrally occurring" that the isolation 
could not have been from a man-made hybrid plant or animal, or genetically altered 
30 plant or animal. 

It will also be understood that techniques according to the presem 
invention can be utilized in association with oils/fats that have been modified from 
their natural form in some manner, for example through hydrogenation or various 
estenfications. Herein the term "oil" is differentiated from the term "fat" in that oils 
are generally liquid at room temperature and fats are generally solid or semi-solid at 
room temperature. Both are triglycerides and will generally be treated analogously 
in processes according to the present invention. 
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In some applications, the purification include; a step of adding, to the 
crude monoester composition to be purified, an effective amount of triglyceride(s) to 
form a primary extraction triglyceride-containing phase. In this context, the term 
"effective amount" is generally meant to refer to an amount of triglyceride(s) which 
will facilitate retention of diglyceride(s) in a "primary extraction triglyceride- 
containing phase" during the extraction. Typically and preferably the amount of 
triglyceride(s) addition will be about 30 to 200 parts by weight per 100 parts crude 
monoester, especially when the uiglyceride(s) comprises the same triglyceride(s) (or 
is derived from the same triglyceride) as was used to form the crude monoester 
composition. Most typically 45 to 100 parts by weight per 100 parts crude 
monoester will be used. 

Alternatively, one can characterize certain processes according to the 
present invention in terms of the composition of the mixture from which the 
monoglycerides are extracted. The mixture would generally comprise at least 30%, 
by weight, triglycerides, as a result of the triglyceride addition to the crude 
monoglyceride prior to extraction. In general, the composition would comprise a 
diglyceride content of no greater than about 2 times the monoglyceride content, by 
weight. This latter would also typically be true of the crude monoglycerides to be 
processed. Preferably, the mixture from which the extraction of monoglycerides 
occurs, has a diglyceride presence which is less than the triglyceride presence, by 
weight, generally as a result of the triglyceride additions to the crude monoglyceride 
mixture. 

For typical applications, to isolate either monoesters or diesters, when 
triglycerides are added, the amount of triglyceride addition will be such that the 
result will have, by weight, more triglycerides than diesters, by weight. When the 
diester is diglyceride, then the result will be more triglycerides than diglycerides by 
weight. When such an addition of triglycerides is conducted, the effect may be such 
that the amount of monoester in a composition, when the extraction occurs, is, in 
some typical applications, as low as about 20% by weight, based on total weight of 
ester in the crude ester composition. Similarly when such a dilution occurs, the 
amount of diester, which typically in the crude composition (before dilution by 
triglyceride addition) purified would be present at a level of at least 25% by weight, 
may be diluted such that its presence is as low as about 15% by weight, based on 
total weight of esters in the phase which is extracted. 

Typical, preferred, processes according to the present invention 
comprise a step of extracting the primary extraction triglyceride-containing phase 
with an alcohol/water extractaht. Typically and preferably the alcohol is a low 
molecular weight (Cj or less) alcohol. Preferably it is an alcohol of a straight chain 



PCT/US97rt)3608 1 

hydrocarbon compound. Typically it is a monohj/droxy compound, most preferably^ 
with a terminal -OH group. Most preferably it is ethanol. Most typically, especially 
when the alcohol is ethanol, the alcohol/water extraction will comprise, by weight, at 
least 60% alcohol and no more than about 90% alcohol. Also, typically it will 
contain 10-40%. by weight, water. Most typically it will include about 70-85% 
alcohol, and 15-30% water, by weight. Such systems will generally be quite 
selective, for extraction of monoesters from the crude monoester composition, with 
substantial selectivity relative to extraction of diesters or triesters. Such systems will 
also generally have a high extraction factor for monoesters, allowing use of 
relatively low extractant flow rates. 

Preferably, after the step of separating, the alcohol/water extractant 
phase is treated for isolation of monoester composition therefrom. This will 
typically involve a step of removing the alcohol/water extractant from the extractant 
phase, for example by distillation of the alcohoywater. Preferably, regardless of the 
specific technique used, the step of isolating is conducted without a step of distilling 
the isolated monoester(s). 

In certain preferred operations according to the present invention, 
especially for monoester isolation, the step of providing crude monoester 
compositions comprises providing crude monoglyceride compositions. Crude 
monoglyceride compositions typically contain at least 30% monoglyceride and at 
least 25% diglyceride, based on total weight of monoglycerides, diglycerides, and 
triglycerides therein. Typically they contain no more than about 70% 
monoglycerides, by weight, based on total weight of monoglycerides, diglycerides 
and triglycerides, and they are typically purified to provide a purified monoester 
composition having a monoglyceride presence of no less than 85%, based on total 
weight of monoglycerides, diglycerides and triglycerides in the purified monoester 
composition. Indeed, typically the purification processes will be practiced to 
achieve at least 90% monoglycerides, on such a basis, and in some preferred 
applications they will be practiced to provide at least 95% by weight monoglycerides 
in the purified monoglyceride composition. 

When the practice is v^ath monoesters other than monoglycerides, for 
example PGME's, similar results can be obtained. However, typically with PGME's 
the compositions will also include some propylene glycol diesters, as well as 
monoglycerides, diglycerides and triglycerides from processing. In such instances, 
the purification will generally involve selectively retaining monoglyceride with the 
purified PGME, relative to diglyceride and triglyceride. However an alternative is 
provided hereinbelow, in connection with Fig. 5. 
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Preferably the step of extracting wth alcohol/watCTexWS^ 
comprises conducting a mufti-stage counter-current extraction; typically witli at least 
two stages and preferably at least three. Preferably the extraction is conducted at a 
temperature of at least about 60-80°C and not greater than 1 20°C, so that 
5 uiglycerides present will be in the liquid phase and the alcohol/water solvent will 
generate only relatively low pressures. Typically, the extraction with ethanol/water 
is conducted at about atmospheric pressure, and preferably at pressures no higher 
than 5 atmospheres. 

Preferred processes include a step of back extracting or washing the 
1 0 alcohol/water extractant phase from the primary or first extraction. The step of back 
extracting or washing is preferably conducted with a triglyceride-containing phase, 
for further "tuning" of the purification, to reduce a presence of diglycerides that may 
have been extracted into the alcohol/water extractant, during the primary extraction. 
The step of back extracting or washing, then, can be referred to as a "wash" of the 
1 5 extractant from the primary extraction with a triglyceride-containing phase. 

In some applications, the triglyceride-containing phase, from the step 
of washing, is added to the crude monoglyceride mixture, as a source of added 
triglycerides for conduct of the primary extraction. Preferably the step of washing 
also comprises a multi-stage counter-current washing; again typically having at least 
20 two stages, preferably at least three. 

According to some aspects and applications of the present invention 
food additives are provided. In general, the food additives comprise purified 
monoglyceride (or other ester) component isolated or purified according to the 
present invention. In certain preferred systems involving purified monoglycerides, 
25 the purified monoglyceride (monoester) component comprises at least 85% by 

weight monoglycerides (or monoester), based on the total weight of monoglycerides 
(monoesters), diglycerides (diesters) and triglycerides (triesters) in the 
monoglyceride (monoester) component. 

In general, typically when crude monoglyceride compositions are 
30 utilized, prior to addition of the triglycerides thereto, the crude monoglyceride 

composition comprises, by weight, no more than 20% triglycerides, based on total 
weight of monoglycerides, diglycerides, and triglycerides in the crude monoester 
composition. Again, preferably it contains no more than about 70% 
monoglycerides, by weight, based on total weight of monoglycerides, diglycerides, 
35 and triglycerides in the crude monoglyceride composition. In general, when 

monoglyceride purification is intended, the method can be characterized as being 
conducted to achieve the isolation of purified monoester composition, having: a 
monoglyceride presence of no less than 85%, based on total weight of 
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composition; and. a diglyceride-to-triglyceride^^^^^^^^^ 
monoester composition, of no greater than 1 : 1. 

The present invention also concerns provision of a processing facility 
5 for punfymg crude compositions. The processing facility generally includes a 

pnmary counter-current extractor as described; a secondary counter-cuirent extractor 
as described; fluid direction conduit arrangements for preferred cycling and direction 
of materials; and, a source of triglyceride and a source of crude composition (for 
example, crude monoester composition to be purified) constructed and arranged as 
necessary, for provision of preferred operations. In some instances, additional 
extractors may be used. 
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BRIEF DF.srRlPTfON nv P R.^^y iffn ,^ 
Fig. 1 is a schematic presentation of a process and equipment for 
practice of the process, according to a fu^t described embodiment of the present 
mvention. 

Fig. 2 is a schematic presentation of a process and equipment for 
practice of an alternate embodiment, to that described in comiection with Fig. 1 . 

Fig. 3 is a schematic presentation of a process and equipment for 
pracuce of the process described in comiection with Fig. 2. Fig. 3 also including 
process steps and equipment for isolation of apurified diglyceride stream. 

Fig. 4 is a schematic presentation of a process and eqmpment for 
practice of an alternative process to that described in comiection with Fig. 3. 

Fig. 5 is a schematic presentation of a process and equipment for 
practice of the process, according to a prefeired application for isolation of a purified 
propylene glycol monoester stream. 

DETATT.Fnnir scRTPTinty 

The present invention concerns methods, techniques and equipment 
for punfying or isolating materials such as monoglycerides. diglycerides and 
propylene glycol monoesters (i.e., target esters), from crude ester mixtures 
containing related diesters and related triesters (i.e., contaminating esters) The 
techniques described generally utilize preferred liquid-liquid extractions, to facilitate 
the process. Most preferred practices are conducted under conditions in which the 
monoester to be isolated (or any other isolated target ester) is not distilled at any 
point in the process. Preferably it is conducted without subjecting the crude ester 
composition, after fomiation, to temperatures in excess of HO'C and/or pressures in 
excess of about 5 atm. Typically the processes described herein can be practiced 
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"without subjecting Me crade ester cdmRpsitr^ formation, to temperatures in 
excess of 120*C and/or pressures in excess of 3 atm. Also, typically, (at least in 
most preferred applications) no large amounts of materials such as non-alcohol 
solvents (propane, butane, hexane, ethers, ketones etc.) are used, during the step of 
extracting from the crude mixtures. Preferably none of these materials is used. 
Herein the term "no large amounts" in this context is meant to refer to no more than 
about 1 5-20%, by weight, of the referenced solvents. 



r. 



I. Materials Piirififf^| 

^ ^ Glycerol is a 1 ,2,3-trihydroxy propane, or propylene triol. It is 

typically obtained from hydrolysis or alcohol reaction, of naturally occurring 
triglycerides, during fatty acid production. Propylene glycol is a 1 ,2-dihydroxy 
propane (1,2-propane diol). Propylene glycol is typically obtained from hydrolysis 
of propylene oxide. Techniques according to die present invention were developed 

1 5 to facilitate isolation and purification of target esters such as monoesters and/or 
diesters of such materials, from crude mixtures containing the monoesters and 
diesters (and in some instances triesters). The particular monoesters of greatest 
interest, are fatty acid monoesters, for example propylene glycol or glycerol 
monoesters of fatty acids. Herein the terms "isolation and purification" when 

20 utilized in this context, and in similar contexts, are not meant by themselves to 
specifically refer to some particular level of purity of the isolated target ester 
material, for example, monoester, other than an improved purity relative to the crude 
mixture. However, in typical applications, the technique can be utilized to obtain 
monoester purities of at least 85% (by weight), and usually preferably to obtain 

25 purities of at least 90%, relative to contammating diesters and triesters (i.e., 

contaminating esters). In some specific applications, monoester purities of 95% or 
greater can be obtained. 

It is foreseen that techniques according to the present invention can, 
for example, be utilized to isolate and purify a variety of monoesters, from crude 

30 mixtures of the monoesters with related di- (and/or tri-) esters. For example, 
according to the present invention, monoesters isolatable using the techniques 
typically comprise esters of C3- or C4-diols or triols, wherein each hydroxy group is 
Cn a separate, isolated carbon in the 3 or 4 carbon group. Typically, the applications 
will cover esters wherein the ester group is a straight chain Cj-multi-hydroxy 

35 compound. Typically the compounds will be monoesters of dihydroxy- or 
trihydroxy-substituted propane or butane. 
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' '-- "^''''^^ Her? W term "fatty acid" is meant to refer to acids having at least 4 
carbon atoms, typically, but not necessarily . 12 to 20 carbon atoms, and includes 
sattirated and unsamrated fatty acids. 

The fatty acids of greatest interest to the present invention are those 
3 derived from naturally occurring mixtures of oils or fats (or fatty acid derivatives) 
found in such fats and oils as: palm oil; soybean oil; canola oil; peanut oil; 
cottonseed oil; coconut oil; and. beef tallow. (The term "naturally occurring" in this 
context ,s meant to include reference to products from processing man-made hybrids 
or genetically altered plants or animals, as well as natural ones.) Such materials 

10 generally include mixtures of saturated and unsaturated fatty acid derivatives (fats) 
and primarily include fatty acid derivatives having an even number of carbons in the 
fatty acid backbone. They typically include predominately €,„ or greater acids 
typically C,^ or greater. Herein when the term "C,o" is used in this context it is 
meant that the carbon chain of the acid fragment, including the acid carbon, has 1 0 

15 carbon atoms in it. 

Reaction mixtures to be purified according to the present techniques 
can be made in a variety of manners. Typically they will comprise mixtures of 
mono-esters and di-esters, and in some instances tri-esters, of a short chain di- 
hydroxy or tri-hydroxy compound. A desired result of the purification, when 

20 monoester isolation is intended, typically includes generation of a mixture 

comprising at least 85%, and typically at least 90%, by weight, monoester (relative 
to contaminating diester and, if present, triester), and more preferably at least 95% 
by weight, from a mixture comprising at least 30% and typically no more than about 
70-80% (and sometimes no more than 60%) by weight of the monoester, typically 

25 about 35-65% by weight, based on total weight of monoester plus diester (and, if 
present, triester). 

Although crude mixtures of monoesters to be purified according to 
the present invention may be obtained in a variety of manners, typically they 
comprise the reaction product of 3- or 4-carbon chain di- or tri-hydroxy compound, 
30 with naturally occurring fatty acid ester mixtures, typically triglycerides. Most 

typically, the crude mixtures will comprise the reaction product of either glycerol or 
propylene glycol with a naturally occurring triglyceride mixture such as palm oil, 
soybean oil. canola oil or sunflower oil. In some instances modified oils (such ai 
partially hydrogenated oils or esterified oils) may be used. 

Typical crude glyceride mixtures used in processes according to the 
present invention, especially for monoglyceride purification and prior to any 
triglyceride phase addition, will include monoesters and diesters in a weight ratio of 
about 0.75:1 to about 2:1 (mono:di), and in some instances may include a minor 
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P©i€(eintage (for example, up to 10-15% by weight) of triester, before any triglyceride 
addition to facilitate extraction. Typical crude monoglyceride mixtures, which will 
be purified using techniques according to the present invention, prior to any 
triglyceride-phase addition, comprise products having mono:di:triesters present in 
5 weight ratios of about 45:45: 10 or about 60:35:5. These are the common crude 
monoglyceride mixtures, made in industry. 

It is foreseen that crude monoglyceride mixtures containing variations 
from these amounts will be purifiable with techniques according to the present 
invention. However, the techniques were developed in a manner calculated to 
0 especially facilitate purification of such mixtures, because they are the types of 
mixtures prevalent in industry as crude monoglyceride mixtures. 

When techniques according to the present invention are utilized for 
purification of monoesters such as propylene glycols, i.e., monoesters other than 
monoglycerides, generally analogous conditions and levels of purification to those 
5 described above with respect to monoglycerides are achievable. In such context, 
however, the weight percent of monoester stated will generally be based upon total 
weight of monoester, diester, and triester present, regardless, for example, of 
whether the diester and triester are glyceride esters or esters of the particular alcohol 
of concern, or a mixture of both. The latter will be typical, since, for example, 
0 propylene glycol monoesters are typically prepared from triglyceride and thus crude 
propylene glycol monoester mixtures will include propylene glycol diesters, 
monoglycerides, diglycerides and triglycerides. 

n. Other CharflCteriyatiftns nf PreferrgH PrnrA.ff^np 
5 and Purity 



A. Eariu: 

In general, as explained above, techniques according to the present 
invention were generally developed to provide preferred overall levels of target ester 
purity, for example with respect to purified monoglycerides, in advantageous cost- 
effective manners. During the course of the study, however, it was discovered that 
while the absolute level of purity of the purified target ester (for example monoester) 
was of great importance, it was not the only factor of interest with respect to 
preferred products. In particular, it was found that in some instances, preferred 
products were obtained if there was a focus at least in part upon the content of the 
principal contaminating esters. 

For example, as indicated above, when the material to be purified is a 
crude monoglyceride mixture, the mixture generally comprises monoglycerides, 
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diglycerides, and triglycerides. During the studies, it was found that preferred ^ 
purifications would occur if, with respect to the contan^inating diglycerides and 
trig ycendes, the purification was conducted in such a manner that the diglyceride to 
tnglycertde ratio, by weight, was reduced to no more than 1 : 1 (and typically less) 
5 and typically and preferably ,0 less than 1:3. Since crude monoglyceride mixture; 
generally contain greater percentage of diglycerides than triglycerides, by weight by 
the above, it is generally meant that the process (for monoester purification) should 
be conducted in such a way that focus is on diglyceride removal/reduction. 

In the same context, and as part of the same evaluations, it was 
observed that in general preferred purified monoglycerides not only contain at least 
85/0 (and preferably at least 90%) by weight monoglycerides. but also have a 
monoglyceride-to-diglyceride ratio, by weight, of at least 40: 1 and preferably at least 
70: 1 . Again, typically and preferably, the majority of the contaminants in the 
punfied monoglycerides. by weight, in such systems is preferably triglyceride (as 
opposed to diglyceride), 

B. Procwsing 

As will be apparent fi-om the following discussions and examples a 
vanety of techniques have been developed for characterizing preferred steps of ' 
processmg. Some of the more significant are as follows: 

1. Leading: In general, processes according to the present 
mvemipn will not be considered preferred or particularly effective unless the loading 
of the ester (for example, monoester) to be purified in the polar phase or extractant, 
IS substantial. That is, with techniques according to the present invention, one is not 
only tiymg to obtain high selectivity during the extraction so that good purity 
results, but one is also seeking simultaneously a relatively high loading or at least 
substantial loading, so that the process is efficient. If loading is too low, the process 
will be commercially undesirable since high amounts of extractant would be needed 
In typical preferred processes according to the present invention, including under 
the conditions described herein below, one can achieve loading of the monoester(s) 
in the extractant during the extracting process of at least 10 grams (g) per lOOg 

r ctractant, and typically loadings of at least 15g per lOOg extractant (or more) are 
obtained. The term lOg monoesters per lOOg extractant refers to the load in the 
extractant phase leaving the extraction step, for example at line 55, Fig. 1. 

2. Se l ectivity : Processing according to the present invention can 
be characterized with respect to the selectivity of the extraction. When monoester 
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purification is involved, this can be phrased in a variety of ways including the 
extraction selectivity for themonoester over the diester; the extraction selectivity for 
the triester over the diester; and, the selectivity of extraction for the monoester over 
the triester, when the process includes purification of mixtures including monoesters, 
5 diesters, and triesters. In monoester purification, a selectivity of particular concern 
will be the selectivity for the monoester over the diester. 

In general, selectivity (aj 2 of component 1 to component 2) is 
defined by the ratio, for the extractant phase to the raffmate phase, of the ratio of 
concentrations, by weight, of component 1 to component 2. Thus, a is a ratio of 
10 ratios. From the examples given below, it will be understood that selectivities for 
monoester over diester of >5 and for monoester over triester of >50 can be readily 
obtained with processing according to the present invention. 
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in. Methods of Pnrificatinn . Generally 



A. Monoglvceride Purificiirinns 

In general, crude target ester mixtures, such as crude monoglyceride 
compositions, according to the present invention are purified through liquid-liquid 
extractions. For example, monoglyceride values in the crude mixture are 
20 preferentially extracted into (partitioned into) an alcohol-containing phase. The 
separation/purification is facilitated by the following: 

1 . Provision of sufficient water in the alcohol-containing phase to 
provide desirable selectivity of extraction; for example, preferential 
extraction or partitioning of monoglycerides vs. diglycerides (or even 

25 triglycerides) mto the alcohol phase; and 

2. Provision in the non-alcohol phase of a component to facilitate 
solubility of diglycerides (and triglycerides) in that phase. Preferably 
this added component includes a triglyceride or a triglyceride 
mixture. Most preferably it is a naturally occurring food substance 

30 and does not contain substantial amounts (greater than 20% and 

preferably none) of non-functionalized organic solvent such as a 
hydrocarbon (propane, butane, etc.). 

In general, purified monoglycerides, with monoester contents of 
greater than 90%, until now have been available commercially only as distilled 
35 monoglycerides. Because of the low vapor pressure, monoglycerides can be distilled 
only under relatively high vacuum and relatively high temperatures. This leads to a 
process which is rather expensive and which can lead to undesirable products. 
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Unfortunately, distilled monoesters are also sometimes responsible for a bitter flavor 
in the finished product, limiting the level to which they can be added. 

In many applications it is the monoester which is providing the 
desired functionality, with the attendant diester being present only as an unwanted 
byproduct. A source of more highly purified, low cost, monoesters can be, therefor, 
generally provided by the present invention. 

In certain applications, the diester is in fact a detrimental component, 
and a higher price is paid in order to get the more highly purified, distilled 
monoester. In some instances, the presence of the diester is believed to modify the 
phase behavior of the monoester, interfering with functional activity. 

It is true that some alternative purification processes have been 
contemplated in the art. Fractional crystallization, which utilizes differences in 
melting points between the monoesters and other components, is generally feasible 
only for products with narrowly defined fatty acid profiles, such as fiilly sanorated oil 
of IV<2, where the fatty acids are dominated by a single species such as stearine. In 
this context the term "IV" refers to the iodine value, which is an indicator of the 
degree of saturation. Products with a range of IV will tend to fractionate by IV, 
rather than by degree of esterification. 

Supercritical extraction using an extractant such as propane has been 
suggested as an approach to purification, but it is too expensive to be commercially 
viable. In general, it requires relatively high pressures (>60 atm) and involves 
relatively low loading (typically <5 wt% fat in the extractant wherein the term "fat" 
refers to whatever fatty acid ester is in the extractant.) It is noted that use of a non- 
polar extractant in supercritical extractant involves extraction of the di- and tri-esters 
away fi-om the monoester and into the extractant. 

Adsorption techniques, wherein the monoesters are adsorbed onto a 
solid support and are later desorbed into a solvent, may be feasible but typically 
would require large amounts of resin, which can increase cost. 

Until now, the use of liquid extractants in a viable system has not 
been developed or proposed. For example, low boiling hydrocarbons such as hexane 
could be envisioned to selectively extract the di- and tri-esters, leaving the 
monoesters behind. In practice, however, the hydrocarbon has generally had too 
great a solvency and typically also extracted the monoglyceride, often forming a 
single phase system. A supercritical use of propane has been suggested as a method 
around these problems, but such an approach is impractical and is generally asserted 
to be prohibitively expensive. Alcohols or alcohol/water blends may also have been 
proposed to extract the monoesters, and leave the diesters and triesters behind. 
These approaches would not generally be commercially feasible, however, at least 



' because in order 'to achieve the desired purity^f the monoester, the solvent pol^^ 
would need to be adjusted to be quite high (large water content) so that the overall 
solubility of monoesters would be unreasonably low, resulting in excessive solvent 
requirements. A combined process, using a hydrocarbon and an alcohol/water 
extractant, would also be impractical on a large scale for many processes, because 
the hydrocarbon competes too strongly for the monoglyceride, resulting in low 
extraction factors and because recovering both the hydrocarbon and the 
alcohol/water adds cost. 

The proposed preferred processes of the present invention, using an 
aqueous alcoholic extractant and using triglyceride fat/oil as a second phase to 
remove the diester, are unique and advantageous, but several obstacles needed to be 
overcome to obtain a useful process. For example, use of liquid-liquid extraction 
was perceived as counter-intuitive because the very nature of the desired product, 
monoesters, is that of an emulsifying agent. Such a product is used to stabilize 
emulsions of water in oil, such as triglycerides. The forming of a stable emulsion 
would prevent the operation of a liquid-liquid extraction system. The present 
process has worked satisfactorily in spite of this, although it is believed that low 
shear mixing will be useful and desirable in commercial scale practice, to prevent or 
inhibit formation of undesirable emulsions. 

Secondly, triglyceride is one of the contaminating products in the 
crude monoglyceride stream, so intentionally adding triglyceride in order to help 
purify the monoglyceride is counter-intuitive. However, adding triglyceride has 
proven to be very useful in reducing the level of diester present in the final product, 
when the desired final product is the monoester fraction. 

Thirdly, residual tiiglyceride in the product is not readily removed 
(compared to a low boiling hydrocarbon such as hexane). However, it is believed 
that an important factor in defining purity of the monoester product may be how low 
the diester content is, or the ratio of monoester to diester content, rather tiian the 
absolute level of monoester content, or even the level of triester if it is below a 
tiireshold amount After all, the purified monoester is frequently added to products 
along witii triglycerides in the emulsified shortening. Thus, the purified monoester, 
in use, may well be mixed with triester, and it is generally removal of diester which 
is of greatest concern. 

Indeed, in some applications, a product with a weight ratio of 90/5/5 
monoglyceride, diglyceride. triglyceride may well be superior in functionality to one 
of 90/10/0. The greater difference in functionality between the monoester 
(monoglyceride) and the triester (triglyceride) is believed to cause tiiglyceride to be 



wo 97/33955 



; ' less interfering in the ability of monoester to fonh mesophaS^^Sd 
same weight of diester. 

It is also noted that the amount of triglyceride required, to facilitate 
the separation and purification, has been found to be relatively small. If, as an 

5 alternative to the triglyceride, a hydrocarbon, such as hexane, were to be used to 

facilitate the separation, a typical concentration might be 5- 1 0 wt.-% of di- and 

triglyceride in the hexane. At this level, one might expect cosolvent effects, if any, 

to be relatively small and the system would behave as a hexane solution. Note that 

this corresponds to a system 0.7-1.5 mole % diglyceridc in hexane, giving more than 

10 65 molecules of hexane for every molecule of diglyceride. If triglycerides were 
needed at the same molar level as the hexane, the required amount of triglyceride 
would be at least 90 times, by weight, of the diglyceride stream or a concentration of 
less than 1 . 1 wt% diglyceride in the triglyceride stream. However, in preferred 
embodiments of the invention, where die triglyceride stream is subsequently used to 

1 5 generate more monoglycerides, the maximum level of triglycerides used (i.e., added) 
typically is only about 1 .5-3 times by weight of die diglycerides, and in other 
preferred embodiments it is expected to be no more than 8 times by weight of the 
diglycerides. The prefeired minimum level of added triglycerides is expected to be 
greater than about 1 time by weight the diglycerides. At these levels of 

20 concentration, significant cosolvent effects are expected, and the system would not 
be characterized as a triglyceride stream, but rather as a mixture of di- and 
triglyceride. 

It also might be expected that the diglyceride would act as a strong 
solvent to the monoglyceride, resulting in the ineffective extraction of the 
25 monoglyceride by the alcohol/water stream and leading to poor yields. This, 
however, has not been found. Based on batch results, it is anticipated that the 
extraction yield (extraction of monoglycerides into the alcohol/water extractant) in a 
countercurrent extraction train will exceed 90 wt% of the monoglycerides present in 
the feed. 

Typically and preferably the extraction process, for monoester 
purification, is conducted at about eO^C-SO^C, and not above 120°C. Also, typically 
and preferably it is conducted at about atmospheric pressure, and not above 5 atm. 
Also, typically and preferably the alcohol layer comprises 60-90% alcohol and 10- 
40% water, by weight. Most preferably it comprises about 70-85% alcohol, and 15- 
35 30% water, by weight. It is foreseen that typical preferred alcohol/water layers into 
which the monoglycerides are extracted vnll comprise about 75% alcohol/25% 
water, especially when the alcohol is ethanol. The typical and preferred alcohol will 
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Preferably the triglyceride added to the crude mixture comprises the 
same triglyceride as is present in the crude mixture prior to triglyceride addition. 
5 That is, in typical instances the crude monoglyceride mixture that is to be purified 
will have been made bom a triglyceride mixture; and, the same type of triglyceride 
mixture which was used to make the crude monoglyceride mixture is the one added 
to the resulting crude monoglyceride mixture, prior to the extraction of the 
monoglyceride values into the alcohol/water feed, to facilitate the extraction. For 
1 0 example, if the process is used to puriiy a crude monoglyceride composition isolated 
from soybeans, then preferably the triglycerides added to the crude monoglyceride 
mixture to facilitate the extraction will be a crude mixture from soybeans, i.e., 
soybean oil, preferably with the same degree of hydrogenation. Advantages as a 
result of this will be apparent fix)m the following more detailed descriptions. 
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B. A ProcMs Fifty Pifii 

In Fig, 1, a preferred process flow for isolation and purification of 
monoesters such as monoglycerides according to the present invention is provided. 
The flow diagram of Fig. 1 is intended to be representative of more generally 

20 preferred applications according to the present invention. It is foreseen, however, 
that principles according the to present invention may be applied in variations from 
the process schematic shown in Fig 1 . 

Referring to Fig. 1, the process generally includes three stages; i.e.. 
Stage I (reference 5); Stage II, (reference 6); and. Stage III (reference 7). In Stage 1, 

25 crude monoglyceride (monoester) mixtures are prepared. In Stage II, separation of a 
purified monoglyceride (monoester) mixnire from a raffinate or residue mixUire, is 
conducted. In Stage III, purified monoglycerides (monoesters) are isolated from the 
purified monoglyceride mixture. It is foreseen that Stages 1, 11 and III can be 
conducted at one facility or more than one facility; and, they can be conducted in a 

30 batchwise or continuous process. However, it is noted that in one particularly 

preferred conduct of a process according to the present invention, cycling of certain 
feeds can be utilized to advantage. In such systems, generally the entire process will 
be conducted at a single facility. It may also be preferred in some applications to 
develop and use equipment that can be operated in a continuous flow-through 

35 process format, rather than a batch format, for efficiency. 



S«8gf i- C^Pi^^ 
Glvceridg \f fftiirg 
As indicated above, the first stage of the process of Fig. 1 , is 
indicated generally at reference 5, and comprises a stage whereat the crude giyceride 
mixture is generated. In general, the mixture is prepared in reactor 10. It is 
generated from a feed of glycerol 1 1 and a feed of triglyceride 12. In the reactor 10, 
the glycerol feed 1 1 and triglyceride feed 12 are mixed, and a mixture including 
monoglyceride(s) and other materials, typically diglyceride(s) and triglyceride(s), is 
generated. The reactor 1 0 is generally operated at about 220-260°C, and under 
atmospheric pressure, although a variety of conditions may be utilized. The reactor 
10 may be operated in a batch manner, or as a continuous process. Typical 
conventional operations for crude monoglyceride production can be utilized, and 
would involve a batch operation, with some base added as a catalyst. The typical 
base utilized will be sodium hydroxide or sodium glycollate. 

The glycerol feed 1 1 may comprise either: an added glycerol stream 
from outside sources; a glycerol recycle stream from the reactor 10, as described, or 
both. Typically glycerol feed 1 1 will include both: added glycerol, indicated at 15; 
and, a glycerol recycle stream 16, as described. Streams 15 and 16 can be combinai, 
at 1 7, using various metering techniques to obtain a preferred composition of 
glycerol feed in stream U , to the reactor 1 0. 

The triglyceride feed stream 1 2 may comprise an outside source (for 
example, natural product source) of Uiglyceride, cycled raffinate from an extraction 
step in Stage II, or both. Diglycerides will be present in the cycled raffinate and are 
a preferred feed component in the triglyceride feed stream. Typically and preferably 
feed 12 will include both. It is noted that naturally occurring triglycerides, such as 
palm oil or sunflower seed oil, are typically mixtures of triglycerides. More 
specifically, they comprise a mixture of fats or oils including the triglycerides of 
numerous fatty acids. 

Still referring to Stage I (reference 5), reference 25 generally 
indicates the exit stream from reactor 10. Generally the exit stream 25, which 
comprises glycerol and a giyceride mixture, is directed into separator 26. 

Either in separator 26, or immediately upstream, the reactor offstream 
25 is preferably cooled, for example to about 60°- 1 20*'C. and typically the base 
catalyst is neutralized with an acid, usually phosphoric acid. Under these conditions, 
the glycerol will separate as a separate phase, since it is relatively insoluble in the 
giyceride mixture. At 30, the glycerol phase is shown removed from separator 26. 
In the particular system depicted, the glycerol phase from separator 26 is directed for 
recycling, i.e., into recycle stream 16. The crude inonoglyceride-containing fraction 



^ w spwn r|^g^^ 26, through line 35. Thus, line 35. in 

combination WitJh a remainder of Stage I, represents a source of crude 
monoglycerides. It is arranged for direction of crude monoglycerides into an inlet 
feed of a primary counter-current extractor, as described below. 

In general, the crude monoglyceride (monoester) phase from 
separator 26 will include some residual glycerol (alcohol) therein. Preferably, before 
it is directed into Stage II, it is treated to reduce the residual glycerol (alcohol) 
presence to less than 1% by weight. This can be conducted by a stripping step to 
remove residual glycerol. Equipment for conducting this is shown at 36. In general, 
any effective stripping step/equipment may be used, although a thin film evaporator 
or wiped film evaporator operating under vacuum will typically be preferred. Such 
stripping equipment would, of course, be useful to remove other volatile components 
such as free fatty acids. 

At 37, an optional crude monoglyceride bleed is shown. It is foreseen 
that since there will be some commercial demand for the crude monoglyceride 
mixture, in some systems it will be preferred to have a bleed 37 so it can be drawn 
off" (or partially drawn off), and not be directed in Stage II, if desired. 

At 40, the crude monoglyceride mixture to be purified is shown 
directed into Stage 11 (reference 6). 

As explained above, a variety of methods can be used for generation 
of the crude monoesters (monoglycerides). For example, as an alternative to being 
prepared from the reaction of glycerol with triglycerides, a crude mixture of mono- 
and diglycerides can be prepared from the reaction of glycerol with either fatty acids 
or with esters of fatty acids, such as methyl- and ethyl- esters. The equilibrium 
reaction product vrill generally comprise a crude mixture primarily of 
monoglycerides and diglycerides, with smaller amounts of triglycerides. The 
follow-up liquid-liquid purification process will be suitable for these reaction 
products as well. 

2. Stage n - IJnuid-Liquid RUr^ctinn 

In general, in Stage II, crude monoglyceride is treated, through a 
liquid-liquid extraction, for isolation of a purified monoglyceride stream. Referring 
to Fig. 1, Stage II is generally indicated at reference 6. At 40, the crude 
monoglyceride stream is shown directed into Stage II for processing. In general, for 
preferred processes according to the present invention, the crude monoglyceride 
stream 40 is generated from a Stage I process, as described. 

Preferred processes according to the present invention are conducted 
in such a manner that after the crude monoester composition is du-ected into Stage II, 
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alcohol/water feed will comprise, by weight, about I times to 6 times the weight of 
the monoglyceride-containing stream fed into the extraction. 

For the preferred system shown in Fig. 1, Stage II includes a 
secondary extractor 60 (or wash system). The secondary extractor 60 is used to 
5 advantage in the following manner. The offstream 55 from the primary extractor 50 
is directed into the secondary extractor 60, as indicated at inlet 61 . Within the 
extractor 60, relatively less polar components such as diglyceride component in the 
purified monoglyceride stream 55 are preferentially washed into the triglyceride feed 
or triglyceride phase, from the alcohol/water purified monoglyceride phase (i.e., 
1 0 back extracted or washed). This triglyceride phase is shown directed into the 
secondary extractor 60 at line 65. Thus, within secondary extractor 60, the 
monoglyceride-containing alcohol/water phase from primary extractor 50 is 
extracted (or back extracted) with a triglyceride-containing phase, generating a 
triglyceride phase exiting extractor 60 in line 58, and an even fiirther purified 
1 5 monoglyceride containing alcohol/water phase exiting secondary extractor 60 at 66. 

In the system of Fig. 1, the triglyceride exiting the secondary 
extoractor 60 is fed into the primary extractor 50, and to a certain extent is even 
cycled into reactor 10. Referring again to Stage I, if still further triglyceride needs to 
be fed into the feed stream 12 to reactor 10, it can be added via line 67. 

In the preferred arrangement shown, the crude monoglycerides are 
added to Stage II downstream from the secondary extractor 60 and upstream from 
the primary extractor 50. 

Still referring to Fig. 1, Stage II (reference 6), the exit flow 52 from 
primary extractor 50 is shown directed into separator 70. Water is added to 

25 separator 70, at line 7 1 . Thus, at separator 70 an aqueous phase and an organic 

phase will be generated. The organic phase is shown removed from separator 70 at 
line 71a, for direction into the triglyceride feed 12 to reactor 10. The aqueous phase 
is shown leaving separator 70 at line 72, for addition into the phase used in primary 
extractor 50, via line 73. This separator (which may contain more than one stage) is 

30 used to reduce the alcohol content in stream 52. Additional reduction in alcohol and 
water in stream 71a may be achieved by vaporization under vacuum. 

Still referring to Fig. 1 , Stage II, as indicated above, the 
monoglyceride enriched alcohol/water phase is shown leaving the secondary 
extractor 60 at line 66, for direction into Stage III. 

Herein the term "fluid direction conduit arrangement" is used 
generally to refer to the various fluid conduits in the system for directing fluid flow 
between the various reactors, separators and extraction equipment. For example, tiie 
fluid direction conduit arrangement includes a fluid conduit 58 from the triglyceride 
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— =r composition i„,« feed 5 , of U,e prin^ cou„,er-c^„?e«^l SO- ' 
and, also .nC-des a fluid condui, 55 fton, ^ a.ooho.wa,er cxICl 

5 nle. 6 , . These portions of me fluid di.c.i„u condui. a™„gen,e„. a,e ' 

3- Stage HI- Monoglyceridelsolalion From 
The Alf nh^[/w«t>r Mlltlln- 

, vt""''"'^*''"^«=^'"°°°«^»«P««»t as a solution in 

useful forn, (,.e.. as a .arget ester^ntaining food composition). For examole ft 
. aqueous alcohol/purifled monoester stream cculd be Z extrij^lTbw 
bo,ln,g hydrocarbon, such a. hexane, and the hexane codd then ^2^7 „ 
™„^.yc«ides. ™— edhexanevolunteforsuchl^^r^ 
W be a n«« flow ...e a. least e,„al to the aqueous alcohol L raLTnlL 
10 recover a significant portion of tile monoglycerides. 

,l.„>, „ ^ "^'"^ be to cool the aqueous 

alcoho /.onc-g^ycetide stream to precipitate „ crystallize the n,„nog,yc=^d^ ,„ 

general, U« best- temperature for the cooled stream «.uld be a fiiJon o^Ie 
deg.ee of hydrogenation of the monoglycerides. Satisfactory results -vould typically 
be obtained at temperatures of about 1 0.30»C. W'caily 

A third method for product (taiget ester^ontaining food composition! 
recoveiy would be to add water to the aqueous alcohol/monoglyiide s3 
r«.uemg the solubility of the monoglycerides. Adding suffie ent watt n^e an 
aque^^al^holOf greater than 50 v„l.%wa.er,andp„^^^^^^ 
water has been observed to cause separation of a significant portion of Uie 
monoglycerides. ,n general, centriiiigation has been found useM for separating the 
two phases after the water addition. P««unguie 

'^'""*^=^™'h'"''>fP™l"" recovery is to flash or distill fte 
alcohol (eUunol). preferentially to the water, ftom tfie solution in order to form a 
more water- rich aqu«>„s alcohol solution, resulting in easier sepanition of a 

monoglyceride-rich phase. 

to recover the product is to strip, preferably ^^^^ 
vacuum, the water and alcohol (ethanol) to fom, a molten stream of substantially 
pure, dry, monoglycerides. A thin film, wiped film, or scraped film evaporator 



10 



would typically be preferred choice for the final stripping, while a shell and tube 
evaporator might be useful to remove the bulk of the aqueous alcohol. 

A still further method to recover product would be to spray dry under 
vacuum, preferably with a solid carrier such as flour or milk solids to aid in 
5 producing a granular product. Freeze drying can also be a useful technique to 
remove the final traces of aqueous alcohol from a concentrated stream. 

Bearing these various possibilities in mind, general reference will be 
made to Fig. 1, and the isolation. From the above discussions, variations in 
equipment to accommodate different approaches to isolation will be apparent. 

Reference 7, Fig. 1, generally represents Stage III, i.e., the stage 
whereat the monoglyceride enriched (or monoester enriched) alcohol/water liquid 
phase is treated for isolation of monoglyceride (monoester) values therefi-om, as a 
target ester-containing food composition. In general, this phase is shown leaving the 
liquid-liquid extraction process. Stage II line 66, and is shown directed into 
1 5 Stage III, at 80. For the particular preferred system shown, in Stage III, feed 80 is 
directed into a distillation apparatus 81. The distillation apparatus 8 1 is operated to 
distill or vaporize the alcohol/water mixture, shown exiting at line 83, from the 
reactor bottoms containing purified monoglycerides, shown leaving the distillation 
apparatus 81 at line 85. The distillation apparatus 81 is preferably comprised of 
20 multiple stages. In the first stage, the bulk of alcohol/water mixture is preferably 
removed in an evaporator capable of handling a large volatile content, such as a 
rising film evaporator, falling fihn evaporator, shell and tube evaporator, or otiier 
equipment. The temperattu^ should be maintained at 140°C or less, preferably less 
than lOO'C at suitable pressure/vacuum for tiie alcohol/water mixture being used. 
25 Multiple effect evaporators might be used to achieve greater energy economy. In the 
later stage, the remainder of the alcohol/water mixture is removed to create a 
devolatilized molten product. A thin film evaporator or wiped film evaporator is 
believed to be suitable for this stage. This can be conducted with temperatures of 
about 140X, and preferably no higher than lOO^C, and at pressures of 200 mm Hg 
30 or less, preferably 50 mm Hg or less. Thus, within distillation.apparatus 81, the 

monoglycerides are preferably not themselves distilled, but rather the ethanol/water 
solvent is distilled (or stripped) firom the monoglyceride reactor bottoms. It is 
v^portant to understand that in most preferred operations of systems according to the 
present invention, the isolated monoglycerides are not themselves ever actually 
35 distilled. 

Still referring to Stage III, Fig. 1 , die etiianol/water distilled away 
from the mixture, at line 83, is shown being cycled into the primary exUactor 50, 
Stage II. The distillation bottoms 85, containing monoglycerides, are directed into 
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punficat,on, andrecrystallizationcanbeconductedJfdes^^^^^ Purified ^ 
nionogly . ^^o*" separator 90 are removed through line 91. If desired 
alcoholAv or water utilized for separation or purification in separator 90 is shown 

from me 83, and .s cycled mto the primao^ extractor 50 via line 54. In a preferred 
embodiment, the distillation bottoms 85 are of the desired purity and devo atilized to 
an extent that the separator 90 can be bypassed, and the distillation bottoms 85 c^ 
be fiirther processed, as described below for the product via line 91 . 

The purified monoglycerides (food composition) shown removed 
from separator 90 via line 91 can be sold as product, or further processed for 
example by drying, flaking, pelletiy. hydration or mixing with triglyceride fat/oil 

From the above discussion of Fig. 1, it is apparem that processes 
accordmg to the present invention are particularly advantageous, since they are well 
developed for efficiem operation to facilitate generation and isolation of 
monoglycerides. For example, the triglycerides added to facilitate the separation in 
Stage II. are cycled into Stage I, to facilitate preparation of the monoglyceride ' 
mixture. Preferably, ethanol/water utilized as the liquid phase into which the 
partmomng of monoglyceride occurs during the liquid-liquid extractions, is cycled 
back mto Stage II, following isolation of the monoglycerides therefrom to 
advantage. ' 

Utilization of primary and secondary extractors 50 and 60 
respectively, in Stage II, is unique and highly advantageous. n.e extraction which 
occurs m secondary extractor 60 is of diglycerides into a triglyceride-enriched feed 
and results in a fine tuning of the purified monoglyceride stream 55, for preferred ' 

partitiomngofdiglycerides that may be present into the triglyceride feed. Thus any 
diglycende presence, from extraction into the water/ethanol phase in extractor 50 is 
greatly reduced. 

Line 5 1 . directed in the primary extractor 50 includes triglyceride- 
eraiched crude monoglyceride mixmre. The temi "triglyceride-enriched crude 
monoglyceride mixture" as used herein, in this context, is meant to refer to a crude 
monoglycende mixture to which triglycerides have been added. (Of course the 
tnglyceride-emiched crude monoglyceride mixture is itself a crude ester 
composition.) Preferably the triglyceride-enriched crude monoglyceride mixture is a 
mixture to which there has not been an addition of other non-alcoholic solvents 
beside the triglycerides, i.e., hydrocarbon solvents such as propane, butane, hexanes 
etc. That IS. preferably the monoglyceride mixture is modified by addition thereto of 
tnglycendes, but not by addition of other solvents, to facilitate extraction 




" ■ ■ $ " ■ ' ■ Th|;triglyceride(s) generates a pR^f^P^^jft^^^^Mp^ 
partitioning and separation, in the primary extractor 50. In particular, it creaS an 
environment in greater contrast to the alcohoi/water environment of the extractant, 
so that the diglyceride component will more preferably remain in the organic phase, 
5 relative to partitioning into the alcohol/water phase. Diglyceride which does 
partition into the alcohol/water phase, however, can be greatly removed in the 
secondary extraction process. In general, then, in processes according to the present 
invemion the composition of the phases in the primary extractor 50 and secondary 
extractor 60 will be balanced to achieve a preferred efficiency of separation. 
' ^ An improved system to that shown in Fig. 1 has been devised. In 

general, it has been observed that some of the colors and flavors from crude 
monoglycerides concentrate in the extractant phase, during the Stage II extractions, 
and remain in the final product from Stage III. This is reasonable, given that the 
extractions generally will remove the monoglycerides and anything else present 
1 5 which is more polar than the monoglycerides. An approach has been developed to 
control this, which is to treat the crude monoglyceride stream with a prewash, using 
a relatively dilute polar solvent such as alcohol, in order to wash out some of the 
impurities. Appropriate control of the alcohol content can be used to minimize 
monoglyceride loss. Such a prewash would remove (or reduce the level of) 
20 undesirable components such as free fatty acids, some glycerin, catalyst residues and 
catalyst neutralization residues. Example 1 4, described hereinbelow. shows the 
solubility of monoglycerides as a function of water content in the polar phase. With 
this type of information, one can develop a suitably polar wash for the crude 
monoglyceride mixture that will result in some removal of the polar contaminants, 
25 without undesirable levels of removal of monoglycerides. 

A flow chart depicUng a system with such a wash therein is depicted 
in Fig. 2. Fig. 2 is identical to Fig. 1, but for the presence of the apparatus for the 
washing step shown at 138. After the wash, the crude monoglycerides, washed for 
removal of some polar contaminants therein, would be directed via line 40 into 
30 Stage II, as shown and described above. 

It is noted that in some instances, the stripper 36 may be replaced 
with the equipment 138 for conducting the washing step. It is foreseen diat a typical 
wash stream would be a countercurrent wash comprising a water/ethanol mix of 
about 44% water, 56% ethanol (by wt.). 



35 



IV. Preferred Conduct of #hi> f Ttraftiftni 

In general, when processes according to the present invention are 
practiced with both a primary extraction and a follow up wash step (i.e., the 
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'^secdndaiy extraction), the proces^S^b^cte^^ ]iqi,id.|iquid 
fractionation or fractional extraction. With such practices, the ultimate purity 
ob> cd for the monoesters approaches 100%, generally limited only by the 
solubility of the wash solvent (i.e.. the triglycerides) in the extraction phase. 

When processes according to the present invention are conducted 
without the secondary extraction, or wash step, the ultimate purity obtainable for the 
isolated monoesters is essentially limited by the ratio of monoesters and diesters in 
the crude, and the selectivity, a, of the solvent. Selectivity (for monoester versus 
diester) is generally given by the fomiula: 

Wherein the K's are partition coefficients (extraction coefficients) defined as K = y/x 
where y is the mass fraction of the relevant material in the extract, and x is the mass ' 
fraction of the relevant material in the raffinate phase. Of course similar formulae 
can be witten for selectivity of monoesters versus triester, or diester versus triester. 

For extractions involving a large number of stages, the monoester 
punty (excluding triglyceride) is given by the formula: 



%ME= lOOX 



rxa 



1 + (r x a) 



wherein r = ME/DE (mass ratio) in the crude (ME being monoester. DE being 
diester). Under some typical conditions, involving monoglyceride isolation, a 
composition of the crude would typically be about 60 wt% monoglyceride, 35 wt% 
diglyceride, and 5 wt% triglyceride, giving an r equal to 1 .7 1 . The required value of 
a to achieve a desired monoglyceride purity can then be calculated, with a = 5 3 for 
90% MG and a = 1 1 . 1 for 95% MG purity. Requiring a greater than or equal to 
11.1 limits the aqueous alcohol compositions and levels of monoglycerides which 
may be used. This is in sharp contrast to the system with a wash section, or 
secondary extraction, where there are no similar restrictions on a, since the 
secondary extraction or wash removes or reduces undesired diglycerides from the 
extractant. 

Thus, in general, a preferred level of purification of monoglycerides 
in preferred systems according to Fig. 1 is generally obtained through control of: 

1 . The conditions of the primary extraction; 

2. The conditions of the secondary extraction; and 
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3.* j^he rdaave^^ 
extraction. • 

In general, fatty acid esters such as monoglycerides and diglycerides 
5 are insoluble in water but are very soluble in low molecular weight alcohols, i.e., C, 
Cj alcohols such as ethanol. However, although diglycerides are somewhat soluble 
in aqueous ethanol, they are less so than monoglycerides. The liquid phase into 
which the monoglyceride is extracted in the primary extractor 50, then, is preferably 
a phase comprising a mixture of alcohol and water. The mixture should be tuned to 
1 0 obtain a preferred amount of monoglyceride partitioning therein, with control on a 
preferred maximum amount of diglyceride partitioning which also occurs in that 
stream. The amount of diglyceride extraction into that stream, which can be 
accepted, ttims in part upon the level of diglyceride removal which can be readily 
conducted in the secondary extraction. The more water which is added to the 
1 5 ethanol, the more specific will be the partitioning between diglyceride and 

monoglyceride in the primary extraction. That is, with an increase in water, the 
liquid phase into which the monoglyceride is being extracted has a lower propensity 
to also pick up (extract) diglycerides, i.e., the extraction is more selective. Of course 
it also has a lower propensity to pick up monoglycerides. 

In general, it is desired to utilize conditions in which relatively high 
load of monoester (extracted ester) can be obtained. By this it is meant a load of at 
least about lOg (preferably at least 15g) per lOOg extractant. Thus, it is undesirable 
to add so much water that that solubility of the monoester (extracted ester), under the 
extraction conditions, is below these preferred amounts. This will involve some 
25 sacrifice in purity, at least at the primary extraction stage. However, the secondary 
extraction or washing in preferred applications, addresses this. 

Similarly, the amount of triglycerides added (to the crude ester or 
crude monoglycerides) to facilitate a separation, will depend upon the level of 
partitioning with respect to the diglycerides prefeired. The more triglycerides added, 
30 the lower will be the propensity of the diglycerides to partition into the alcohol and 
the greater will be the propensity of the diglycerides to remain in the organic 
(triglyceride/diglyceride) phase during the primary extraction. Thus, the level of 
triglycerides added can be balanced with the ethanol/water mix, to obtain a preferred 
partitioning of diglycerides. 

A variety of extraction techniques, and extraction equipment, can be 
utilized for both the primary extractor 50 and secondary extractor 60. In general, 
counter-current extractors will be preferred, typically configured for at least two 
stages and more preferably at least three stages in each extraction. The choice of the 



: numb^ „f.s»g« is basrf on u,e desired exiend of r^^^^^ 
_cs. For a given ,.„ve„ and puriry, a systen, wid, n^re^s wi^ Lw 
h^^er loadrng of U,e extract pi^e, reducing prod« recover, cosrs. ■„ a JiL 
and preferred sysrem. *e loading wiU be a. ,eas, ,0% by weigh, mo„„es.er iX 

5 exrractan, more preferred systenrs, fte loading will be at least 15% by wei.h. 
monoester in the extractant. «'«=igni. 

h . . u "^"""^ °f triglyceride fed into the system will be 

balanced w,th the amount of purified monoglyceride and crude monoglycerides 
removed so that the system operates at steady state with neither accumltionl 
10 deplet.0. While maintaining the constraints of material balance, triglyce^^^ 

^d mto tlje sy^m through either line 67 or line 65. In preferred emldim nTu.^ 
tnglycende .s fed primarily through line 65. Tins maximizes the triglyceride fl'w 
through the extractor, diluting the diglyceride. while allowing high purity 

^ IHonoglycerideproductionwithasmallerextractantflowrate. TTus results in higher 
15 loadrng and reduced product recovery costs. If the flow rate through line 37 is more 
than about 4 times the flow rate through line 66 additional triglyceride may be 
needed, and it can be fed through line 67. to obtain higher extractant loading 
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V. 




/'°"^^^^^^hown in Fig. I, generally described above, can also be 
uuhzed to isolate other monoestex.. for example propylene glycol monoesters, using 
analogous techniques. In general, the feed in line 1 1 would include propylene 
glycol, from line 1 5. TT,us. the recycle at 30 in 16 would be propylene glycol, and 
the crude mixture at line 35 would comprise a mixture of propylene glycol 
monoester widi diester and mono-, di-. and triglycerides. 

In general, the preparation of propylene glycol fatty acid esters is 
possible from a number of „>utes. For example, propylene glycol and triglycerides 
can be reacted together to give a reaction product comprising primarily monoesters 
of propylene glycol, with lesser amounts of propylene glycol diesters 
monoglycerides. diglycerides. and triglycerides, after removal of the excess 
propylene glycol and glycerol. A second route is through the reaction of propylene 
glycol with fatty acid or fatty acid esters, such as methyl or ethyl esters of fatty 
acids. The product from this reaction will generally be a mixture comprising 
primarily mono and di-esters of propylene glycol. A thirxl ix,ute is to react propylene 
oxide with fatty acid, leading to a mixture of monoester isomers. 

. The proposed liquid-liquid purification process described herein will 
be useful for materials prepared at least according to the first or second routes It is 
presently believed that the products from the first reaction scheme would be readily 
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• separated in a stream comprising primarily propylene glycol monoester lid 
monoglyceride, and, if desired, the process could be tuned to provide a stream 
comprising primarily propylene glycol monoester. The reaction product from the 
second scheme is believed to be readily separable into a substantially pure propylene 
glycol monoester stream. 

As to the third approach, the monoesters are generated in a 
substantially pure form. 

The following may be useful, for considering a system for purifying 
PGME. Typical crude PGME product, made from reacting propylene glycol with 
triglycerides, would include, by weight, about 60-65% PGME; about 5-10% 
propylene glycol diester; about 10-15% monoglyceride; about 5-9% diglyceride; and 
about 5-8% triglyceride. The purification approach described herein would 
generally lead to an isolation of much of the PGME and MG values, from the 
remainder. It would particularly concern reductions in the diester and diglyceride 
amounts. The triglyceride amount may still be relatively significant, in the final 
isolated material. However, die material will still be prefeiied, due to the reduction 
in the presence of diglycerides. 

If operated according to Fig. 1 , the resulting composition would 
consist primarily of monoglycerides and PGME. with some diglyceride. The 
propylene glycol diester and the triglycerides present in the crude mixture would be 
largely removed. Hie extractant would likely contain less water than in the 
analogous monoglyceride purification, in order to increase solubility of the PGME in 
the extractant phase. If the cmde PGME product had an initial composition as 
reported above, it is anticipated the final product would have a composition of 
roughly 75-80% PGME, 15% monoglyceride. 3-6% diglyceride. less than 1% 
propylene glycol diester and 2% triglyceride. To get significantly higher purity 
would require removal of monoglyceride. This component is more polar than the 
PGME and may be removed using a separation as shown in Fig. 5. 

In Fig. 5, a schematic depiction of equipment and processing steps for 
isolation of propylene glycol monoesters from a mixture is shown. Referring to 
Fig. 5, reactor 350 is a reactor in which propylene glycol is reacted with triglyceride, 
to provide a mixture of propylene glycol esters. Propylene glycol feed into reactor ' 
350 is shown via lines 351 and 352. Via line 353, a triglyceride feed into reactor 
350 is shown. 

The conditions of reactor 350 will be such that the propylene glycol 
will be esterified by fatty acid chains of the glyceride mixture. Thus, leaving reactor 
350 via line 355 will be a mixture of propylene glycol esters and glyceride esters. It 
is foreseen that typical conditions within reactor 350 will be 1 80-250»C, about one 
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atmospher. Of pr^ssur^ or less (and generally not gre^^^^ 

Also, there will typically be a catalyst content in the reactor 350, for example 

typical transesterification catalysts such as sodium hydroxide or sodium glycollate, 

etc ^ 

5 The mixture feed of line 355 is directed into a separator 356 The 

separator 356 will be operated as a glycol decanter, with glycerol, glycol or other 
immiscible materials removed via line 357, and recycled into reactor 350 The crude 
ester phase, comprising propylene glycol monoesters and diesters, as well as various 

glycendes, IS shown removed from separator 356 through line 360. It is directed 
.mo stnpper 361, for removal of volatiles. Stripper 361, of course, is an optional 

The mixture of esters, removed from the stripper 361 is shown 
directed via line 362 into optional wash 363. In wash 363, a relatively polar solvent 
for example water or a mixture of water and ethanol, can be applied to remove ' 
highly polar impurities from the mixture of various esters. A similar wash was 
described in connection with Fig. 2, at 138. 

The esters are shown removed from water wash 363 via line 364 
They are eventually directed via line 365 into extractor 370. In extractor 370 they 
are treated with a countercurrent extractant phase directed in via line 371 , with the 
extractant, containing a preferred monoester phase therein, primarily, removed via 
line 372. It ,s foreseen that a preferred extractant introduced via line 371 would be 
an aqueous alcohol mixture, preferably water/ethanol containing, by weight 20-40% 
water and 60-80% alcohol. 

The raffinate from extractor 370 is shown removed via line 375 The 
raffinate would generally contain diesters and triesters (contaminating esters) as 
well as the propylene glycol monoesters (target esters). That is, preferably the 
extracuon which occurs in extractor 370 is tuned so that the material removed via 
Ime 372 is high in glyceride monoester content (one of the contaminating esters 
when POME'S are the target ester), but low in propylene glycol monoester (target 
ester) and diester content (contaminating ester), as well as low in diglyceride and 
triglyceride content (also contaminating esters). 

The monoglycerides removed via line 372 are directed into the 
/ccond extractor 386. wherein they are washed with a triglyceride wash via line 387 
and are removed to monoglyceride recovery via line 388. This may be generally as 
described above in comiection with Figs. 1 and 2, for monoglyceride recovery (Stage 
III). It is noted that the triglyceride phase is shown removed from extractor 386 via 
line 389 and it is mixed with the cmde phase to be purified, introduced via line 364 
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Thus far, the arrangement of Fig. Fis generally ^ described aSve in 
connection with Figs. 1 and 2. Similar conditions and equipment can be used. 

Turning now to the phase removed via line 375, which contains the 
desired propylene glycol monoester therein, as well as contaminating diester and 
variant glyceride diesters and triesters. It is shown directed via line 375 into line 
395, and ultimately into extractor 396. In extractor 396, it is extracted with an 
extractant phase introduced via line 397, with raffinate removed via line 398 and 
extractant phase removed via line 399. The extractant introduced via line 397 would 
generally comprise an aqueous alcohol mix, preferably a mixnire of water and 
ethanol as follows: 5-30% water (by wt.); and. 70-95% alcohol (by wt.). 

In general, the extractant will be tuned for preferred or preferential 
removal of the propylene glycol monoester, relative to various contaminating 
diesters and triesters. This can be accomplished by adjusting: the water/alcohol 
content; flow rates; and, number of extraction stages. 

Still referring to Fig. 5, the extractant phase, purified in propylene 
glycol monoester content relative to other contaminants, is directed into the second 
separator or wash equipment 405, via line 399. Within extractor 405, the material is 
treated with a triglyceride wash introduced via line 406. The raffinate is removed 
via line 407, and is directed into line 395. The propylene glycol monoester (target 
ester) containing phase is removed from extractor 405 via line 410, and is directed to 
propylene glycol monoester isolation (recovery), for example by the various 
purification techniques described above in connection with Fig. 1 , for 
monoglyceride isolation (recovery). 

Still referring to Fig. 5, at 41 5 a separator for the raffinate of line 398 
is shown. Line 416 can be used to introduce water, for example, into the separator 
415, in order to reduce the alcohol content of the raffinate, similarly to separator 70, 
Figs. 1 and 2. The water wash is shown removed via line 417, with the remaining 
organic phase, containing triglyceride and various diesters (contaminating esters) 
directed via line 420, through recycling, into reactor 350. An auxiliary triglyceride 
feed is shown at line 421 . 

It is anticipated that a system of this type could be used to give 
propylene glycol monoester compositions with purity of greater than 85%, by 
weight; and preferably greater than 90%, by weight; based on total ester content. 

VI. Some AdY«ntageou.s Oneratinna; Pmrfiir^, 

In general, the processes and techniques described herein result in 
purification of target esters as food compositions. These materials can be used as 
food additives, to advantage in food mixes. Typical target esters isolated according 
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^present mvention Win be . ^^^^^^ 
glycol monoesters; or, diesters such as diglycerides. 

In general, selected target esters according to the present invention 
W.1I havew.de application in the food industry. Many of the. possess 
5 charactenstics rendering utility in connection with the following: 

1- Operation as an emulsifier. 

2- Operation as a starch complexing agent 
3 Operation to reinforce protein. 

. Operation in aeration and to stabilize foam. 
5. Operation to modify fat cryslallizaUon tendencies 

^'^''"^'=«""=^l5'.™"y°f'he target esteretliat can be isolated 
-ordtng to the present invention will be effective as emUsifiers in food ml 
They can be used, for e^pie. to stabilize „a,er-i„.i, emulsions (for eZ e in 
^e generauon of margarines or iow calorie sprcads); or, in the stab lizatioTof "in 
15 emulsions (for example in milk emulsions or salad dressings) 

Monoglycerides, propylene glycol esters, and modified monoglyc«ides have been 
wtdelyntthzed in this manner. Oenetally what is re,uired is remukifyta (o^ 

WhJe the most des,n*le amount will differ depending upon .he particular 

«=ordmg to th present tnvenUon that will be preferred or effective, will be similar 
to amounts used with respect to emulsifying agents in previous compositions 
accordmg to known techniques. Some examples are provided hereinbelow ' 

1,..W K '='''"'''"''"8 'S™".!" general it 

l«s been observed that especially monoglycerides have a starch complexi^^ effect 

L TT; T *^ ""^ " ■"■•'8'> fo™*- have' 

the eff^t of provdtng some crumb conditioning and anti-sticking prcperties m 

gen«al, thetr utilization will involve providing a starch complextag effective 
amount m a dough composition. Hey may similarly be used m food mixes for pasta 
products and potato products, two otiter food prcducts wiU, high starch 
com^tions. for related desirable featiues. Examplesof the use of monoglycerides 
m starch complexmg effective amounts" arc provided hereinbelow 

^'^°*''-"™'«'""l>ieh target esters according to ti« invention may 
be used IS m doughs or as dough conditioning agents, due to ti«ir properties to 
rcinforce proti=ins. Typical prefetrcd targe, esters for accomplishment of this arc the 
dtaceyl tartanc acid esters of monoglyceride and eUtoxylated monoglycerides and 
etitoxylated diglycerides. In genem, as a rcsult of protein interaction, Utey have been 
found, when added to brcad doughs for example, to provide for higher bake volume 
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and desirable or preferential texture. In general, what is required is a dough ^^^^ 
conditioning effective amount or protein interaction effective amount of the addiiive, 
to achieve the desirable improvement in property. Typical applications to achieve 
this would be a use at about 0. 1 -0.6%, by wt., based on the bread dough flour 
weight. 

Also as indicated above, certain selected target esters according to the 
present invention are desirable as aerating agents and foam stabilizers. Use as foam 
stabilizers would typically involve addition in compositions for generation of 
whipped toppings made from dairy cream and imitation cream. When used in this 
manner, they bring about destabilization of fat globules to promote the formation of 
a good and stable foam. In general, target esters uUlizable for this comprise either 
the monoglycerides, modified monoglycerides or propylene glycol monoesters. 
Typical preferred ones for this use are propylene glycol monoesters, lactylated 
monoglycerides and acetylated monoglycerides. Typical amounts of use in whipped 
toppings are provided hereinbelow. 

As to utilization as an aerating agent, typical applications involve use 
in various batters, for example cake batter, so that when whipped, it generates higher 
volume due to aeration. Monoglycerides are among the preferred target esters, for 
use in these applications. Typical amounts are provided hereinbelow. 

Finally, it was indicated above that target esters will in some 
instances be used to modify fat crystallization tendencies. For example, the typical 
applications will be as additives to monoglycerides (i.e., the target ester would be a 
propylene glycol ester or modified monoglyceride which is then added to a 
monoglyceride to affect its crystallization form or tendencies), or to modify 
crystallization tendencies in such materials as chocolates containing cocoa butter 
substitutes, to affect the crystallization tendency of the substimte. Typical amounts 
effective to accomplish these will be varied depending upon the specific 
components; however, generally not more than about 2%, by wt., in the food 
composition will be needed for desirable effects. 

Another use of various target esters isolated according to the present 
invention is in shortenings. In general, shortenings are mixttires of edible fats 
processed for certain desirable characteristics, for example, preferred melting 
profiles or solid fat indices. Typical target esters to be added to such compositions 
will be the monoglycerides, the diglycerides and the propylene glycol monoesters. 
These materials will be usable in both all purpose shortenings and also specialized 
shortenings such as shortenings targeted to specific bakery segments. The amounts 
will be varied, depending on the specific shortening formulation and use. In general, 
amounts similar to those used in conventional shortenings will be acceptable and 
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ac^hable. Reliive u> oto use. of Wge. «ers d« Jedlllw, 3i|„« ^ 
m shortenings may be very high. ""ib usea 

.^°'"'*™^^P^°^«s^« which involve distillation of monoesters such 
as monoglycendes or propylene glycol monoesters, are associated with the 

generation of "offtastes" and/or "ofraromas" in the final product. The specific 

source of these off flavors or off aromas is not presently Icnovvn. However, it seems 

to be associated w,th the conduct of distillation processes, i.e., processes that 

concern heating mixtures containing the monoglyceride (or propylene glycol 

240 C. Methods according to the present invention can be conducted in overall 
process systems wherein no distillation of the monoglyceride product (PGME 
pr^uct or other ester product isolated) occurs anywhere in the system, and in which, 
after Stage II .s begun, the monoester (or other ester) to be purified is never 
subjected to temperatures above about 140»C, and typically not above 100«C This 
can lead to the generation of product not possessing the same extent of "off flavor" 
or off odor" characteristic sometimes associated conventional processing In 
addmo., by avoiding exposure to high temperature, the product may be more shelf 
stable. The processes of the most preferred systems such as shown in Fig 1 are 
systems m which no distillation of the monoglyceride (or PGME) occurs. 

In addition, processes according to present invention can be utilized 
or tuned" to obtain preferred levels ofpurity for the target ester. In general, with 
dtstrllation processes, the upper limit of purification (of monoglycendes) obtained in 
the commercial practice in the past has been about 3% diglyceride residual With 
extraction processes according to the present invention, purifications on the order of 
less than 5% diglyceride residual, typically less than 3% and often even less than 2% 
diglycende residual can be readily obtained, if desired. 

Again, in addition to use as an emulsifier in food systems, purified 
monoglycerides according to the present invention can be used as a starting material 
for the production of a number of related emulsifiers. For example, acetylated 
monoglycerides, citric acid esters of monoglycerides, sodium salts of citric acid 
esters of monoglycerides, diacteyl tartaric acid esters of monoglycerides, and lactic 
acid esters of monoglycerides are all emulsifiers derived from monoglycerides It is 
anucipated that preferred such materials can be prepared from purified 
monoglycerides according to the present mvention. 

It is also noted that derivatives of glycerides can be purified from 
crude mixtures of derivatives using the same techniques described above for 
isolation of monoglycerides or diglycerides. That is. the general principles of 
aqueous alcohol extraction and. optionally, providing a triglyceride enriched non- 
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polar counterphase". can applied |0:iKe^plB^ (It is noted that 

such derivatives are not readily purified by distillatiori.) It is foreseen that the most 
suited derivatives to such a process would be the acetylated monoglycerides, citric 
acid esters of monoglycerides, diacetyl tartaric acid esters of monoglycerides and 
5 lactic acid esters of monoglycerides. 

Derivatives of target esters can be prepared using general, 
conventional, techniques. For example, lactic acid esters of monoglycerides are 
made by reacting lactic acid with the purified monoglycerides. (Of course because 
lactic acid possesses a free hydroxyl group available for further reaction, dimers and 
1 0 oligomers are possible. Thus with conventional techniques, control of the reaction 
may be necessary to achieve the desired mix of lactic acid esters.) Citric acid esters 
can analogously be manufactured by the reaction of citric acid and monoglycerides. 
Succinylated monoglycerides are generally the succinic acid ester of monoglycerides 
made from reacting succinic anhydride with monoglycerides. The resulting reaction 
1 5 mix would generally comprise monoglycerides, and mono- and di- substituted 
succinylated monoglycerides. 

Acetic acid esters of monoglycerides are generally manufactured 
from a reaction of monoglyceride with acetic anhydride, followed by distillation of 
acetic acid from the resulting mixnire of monoglyceride, and mono- and di- 
20 substituted acetylated monoglycerides. Alternatively, they are made by the 

interesterification of triacetin, triglycerides and glycerol, which would lead to a 
complex mixture of mono-, di- and triglycerides to be purified using the techniques 
described herein. 

Diacetyl tartaric acid esters of monoglycerides are generally formed 
25 by reaction of diacetyl tartaric acid anhydride and the monoglyceride. Again, a 
complex mixture can form if rearrangement occurs, but the mixture can be 
appropriately purified using the techniques described herein. Similarly to the other 
derivatives described above, ethoxylated derivatives can be made using conventional 
techniques. 

30 As indicated generally above, derivatives of monoglycerides would 

have a variety of uses in the food industry, either used alone or in combination to 
provide emulsion stabilization, to provide improved aeration and foam stabilization, 
I'vj form complexes with starch and prevent staling and sticking, to strengthen dough 
to retain its rise, and to prevent changes in crystal sUiicture during storage. Useful 

35 levels generally range from 0.5 wt% up to 8 wt%, depending on the product and 

application. The purified monoesters provided by tiie present invention are believed 
to be suitable replacements for distilled monoesters at about the same use levels. In 
addition, the monoesters of the present invention may be a cost effective 



eased on comparable amount of monoesler. 

"fhepiesenlinvenUon would be provided in a 

cube do- or hydraled, wiU, or wi,h„„. ^ ' ' 

modifiers, and carriers. "■luoii 

Processes according to the present invention tan be operated in 
generauy preferred, e«,„omic, mamters, due to .he recycling capabilities discussed 
above „,tI„espect.oF,BS. 1-5. Also pressurized conditions, and thus for many 
steps equipment associated with ptessudzed conditions, can be avoided Finally 
heattng target ester n^terial to in excess of 140-C is generally avoided, leading an 
energy savngs. and reduced formation of oxidation products and/or off-flavot! 

. ''™*««"«<"di"8 to the present invention are well developed for 

ututzauon ■„ the preparation for a variety of monoglycerides or monoglyceride 

fed mto the system are pure, and whether they are liquid, solid or a mixture thereof 
The separations wiU be effective under any of these conditions, and thus the 
techniques are widely applicable. 

^"8^"^^^' the Pro^^esses described herein can be perfonned using 
^glycendes of fatty acids or fatty acid esters of any desired degree of saturation 
depending on the desired functionality of the final product. Typically, products ^an 
be^ade with any desired degree of hydrogenation. specified by the iodine value 
in rangmg from IV=2 or less, to IV=90 or higher, if desired. Products with a low 
IV (,.e., less than 5) are frequenUy used as emulsifying agents in margarine cake 
shortemng and coatings for candies. They are also used in baked products or in 
potato products. In these latter applications, the ability to form a complex with 
amylose starch is useful to provide antistaling, crumb conditioning agent and in 
whipped toppings where the foam stabilization properties are useful Low IV 
monoglycerides ai. also frequently used as starting points in the production of other 
emulsifier products, such as acetylated monoglycerides, citric acid esters of 
monoglycerides, sodium salts of citric acid esters of monoglycerides. diacetyl 
tartaric acid esters of monoglycerides, and lactic acid esters of monoglycerides. 

The high IV (greater than 40) products are typically used when a 
softer or more liquid product is required. For example, an IV 40 monoglyceride 
might be useful for icing or soft margarine, and IV 70 or IV 90 monoglycerides 
might be used when even softer consistency is desired. 

In general, processes according to the present invention are designed 
to be operated, if desired, above the melting point of the materials in question, thus 
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treatipg the product essentially in a liquid state. In general it is believed that this 
willgive a process which is "readily adapted for a variety of oils of differing degrees 
of saturation. The separation is driven primarily by functionality, especially the 
balance between polar and nonpolar moieties. Because of this, the processes are 
believed to be applicable to either mixtures of oils of different IVs or to oils of 
intermediate IV, which may inherently include a variety of compounds, operating 
with or without causing an undesired fractionation of the material on the basis of its 
degree of saturation. Processes which rely on melting point differences, such as 
fractional crystallization, are not believed to be as robust in this sense. Instead, the 
separation will depend strongly on the IV of the material, because saturation 
strongly influences melting point. 

With respect to iodine value (IV), it is noted that this measure of 
unsaturation can be measured using standard techniques, such as AOCS method 
#CD1B87, "The iodine value of fats and oils using the cyclohexane method", 
incorporated herein by reference. 

It is noted that the techniques described herein can be applied to the 
purification of other polyhydric alcohols, besides glycerol or propylene glycol, 
which have been partially esterified with fatty acids. For example, to separate 
sorbitan mono-esters from sorbitan di- or tri-esters, or to separate, at least partially, 
complex mixtures of polyglycerol esters of fatty acids. Related techniques may also 
be applied to ethyoxylated products, such as polyoxyethylene sorbitan monoesters or 
ethoxylated monoglycerides. 

VII. Preferred Kquipnignf 

From the following examples of certain prefenred equipment, general 
principles of the present invention and its application will be even further 
understood. 

For example, for the primary and secondary extractors equipment 
such as: mixer/settler tanks; pulsed columns; baffle columns; reciprocating plate 
colunms; Podbielniack centrifugal contactors; rotating disc contactor columns; and 
similar devices may be used. Such equipment provides the required cycles of 
intimate contacting between phases, with follow-up phase separation. 

For the various separators, a low shear mixing system is preferred to 
reduce the likelihood of emulsion formation. 



Vni. Diglvceride Unhtin^ 

Diglycerides may be used as components in shortening, in some 
instances at levels of 30% or more, and as fat replacers. As fat replacers, they can be 
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substimted for triglycerides, nonnally at less 1 part by weight for each part 
triglyceride removed. Some products in which they may be useful are low fat sour 
cream, fat replacement in pie crusts and baked goods, icings, and frozen ice cream or 
other frozen dairy products. 

5 The systems described in Figs. 1 -4 can be used to isolate a purified 

diglyceride stream (i.e., in these applications, the diglycerides are the target esters) 

In general, the raffinate from the extraction of monoglycerides in line 
52, would comprise typically 60%, or less, by weight diglycerides (and 3% or less 
typically 1% or less, by wt., monoglycerides). of the total glyceride component For 
example, m the hypothetical commercial system described hereinbelow, the raffinate 
phase is reported as comprising 2,150 lbs./hr. of triglyceride, 1,330 lbs /hr 
diglyceride and 20 Ibs/hr. monoglyceride, with small amounts of water and ethanol 
The water and ethanol, of course, can be removed by vacuum stripping Thus the 
composition of the fat components (glycerides) by weight, based on total glycerides 
content, would be about 61% triglyceride, 38% diglyceride and less than 1% (0 6%) 
monoglyceride. Of course, alternate raffinate compositions could be obtained with 
the system previously described, with each generally characterized by a high ratio of 
diglyceride to monoglyceride. in a triglyceride earner. That is, the majority of the 
composition, by weight, would comprise triglyceride, with the remainder comprising 
diglyceride and having a high diglyceride to monoglyceride ratio. Typical 
diglyceride to monoglyceride ratios, by weight, in this material of about 20:1 to 
100:1 could be readily achieved, with the processing described herein. If desired, 
even higher ratios could be obtained by increasing the extraction of monoglyceride 
in the extractor 50, using more stages if appropriate. There is no theoretical limit to 
the ratio of diglyceride to monoglyceride in these compositions, and it is foreseen 
that ratios of 500:1 would generally be practical and achievable with available 
equipment. 

Of course the relative amounts of diglyceride (target ester) and 
triglyceride (contaminating ester) would depend upon the composition of the initial 
crude monoglyceride and the amount of triglyceride extracted and added. 
Diglyceride contents of about 20-60%. by weight based upon total glycerides 
contem, would be typical for tiie raffinate in line 52, Figs. 1-3. Products in tiiis 
range of compositions would be useful where blends of triglycerides and 
diglycerides, with a minimum of monoglycerides, i.e., less tiian 1% by wt.. are 
desired. Such compositions would not be readily obtainable through normal 
glyceride ester productions, where expected compositions would generally always 
contain at least 1% monoglyceride if the diglyceride content was 20% or more. 
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Compositions containing greater than 50% diglycerides, and ind&d 
greater than 60% diglycerides, by weight, can be obtained. For example, the 
raffinate from the extraction of the process shown in Fig. 1, i.e., removed via line 52 
can be extracted with a second polar phase extractant. Such a system is shown in 
Fig. 3. Fig. 3 is generally analogous to Figs. 1 and 2, with like reference numerals 
referring to the same or analogous steps and equipment. In Fig. 2, the raffmate 
removed via line 52 from extractor 50 is directed into a second extractor 175. 
Extractant feed is shown fed in via line 176 and removed via line 177. Via line 177, 
then, an extractant phase containing purified diglycerides (target ester) would be 
removed. It could be directed to a recovery, not shown, generally comprising 
appropriate equipment for removal of solvent, etc. The raffinate from extractor 175 
is shown removed via line 178 and directed into separator 70. 

It is foreseen that a preferred extractant composition would be about 
5-30%, by weight, water with the balance ethanol, although other ratios of water and 
either ethanol or other alcohols could be used. This would create a generally polar 
solvent, in which the diglycerides (target ester) would be soluble in preference over 
the triglycerides (contaminating ester). In general, the extractant would contain less 
water, as a weight percent, than the extractant used to remove the monoglycerides, in 
order to improve loading. The extraction would generally, and preferably, be 
conducted in a countercurrent extractor such as extractor 175. Selectivities for 
extraction of diglycerides from a diglyceride/triglyceride mixture, in the substantial 
absence of monoglycerides, are not available. However, based on selectivities 
calculated from compositions shown in the Examples herein, a product of 
composition of greater than 60 wt. % diglyceride with the balance triglyceride, and 
with less than about 1% by wt. monoglyceride, is considered readily feasible. If 
higher puriUes of diglyceride are desired, a diluent could be added to the nonpolar 
phase to improve the selectivity of DG/TG. For example, in the description herein 
of Example 2, addition of hexane eliminated triglyceride in the polar phase. An 
analogous approach could be used in extractor 1 75 . 

Loading of the diglyceride in the polar phase will be reduced, in the 
presence of the diluent, however. The technique described appears capable of 
readily generating diglyceride concentrations of 60-80 wt. %, and perhaps as high as 
90 wt. %. However, due to the low extraction coefRcient for diglycerides and 
aqueous alcohol (typically less than 0.5), relatively high amounts of solvent feed via 
line 1 76 may be needed. 

An alternate approach is shovra in Fig. 4. Fig. 4 differs from Figs. 1 
and 2 in that Ime 58 is absent, and now line 258, from extractor 60, would be 
directed to reactor 10 rather than extractor 50. It is foreseen that the process of this 
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figure is partipularly «1, suited .o purification WmixR^s confining aUeas, f„„ 
..mes as much d.g,yc=rides rig„ccridcs. by «, and U,= monogi^^dcr 
cx,.c«o„ wouid be mned .o ..ova, of a. iea. 85%, p« a, ieiCl 

*Ttxl" """" AIsopreferabiyinap^cessaccording^oFig 4 

a.e exlracon ,n extractor 50 is mned so tl«. less 20%, by w, of .he 

diglycendes are extracted into the exiractant 

Thus, Fig. 4 show an alternate scheme using just two extractor, fnr 
*«»"0f bothamonoglyceridestreamandadigiy^kstr:" 
.0 *8lycende stream is pr«,uced without need .oexuac. it into a polar phase. ,„Fig 
4. the crude monoglycende, preferably containing low triglyceride, is extracted in a 
pnntary extractor with an a,ueous alcohol pote phase, without additionT 
tnglycende. Conditions in the extractor a,, set to extract essentially all of the 
monoglycende and only a portion of the diglyceride. For example, if a 101 
«le«.v,tyformono/diglyceridesisavailab^^^ 

usmga^^ge number of stages (6 or more equilibrium stages,, i, should be possible 

^^ZTT ' '"'^y^. while exUactLg only 

a^ut l2%ofthe d,glycerides. 11.= raffinate would contain a high concen J of 
■0 mfr? r T °f "Slycerides, and a low concentration of 

.0 «»-8ly«n<lc3, and would be suitable as a diglyceride concentrated product A 
typical pr«i„ct, starting from a crude monoglyceridc composition of 65 wt % 
mo„og^c«ide. 3 1 wt % diglyceride. and 4 wt. % «g,yceride, will contain about 80- 
88wt. ''•■Ii8lycende,0-9wt.%monoglyceride,andll-13w..%uiglyceride The 
Punty would be limited by the triglyceride content of ti,e etude 

aTr'lT"^ "'""-"■f«<»''-«'"whichthiswouldno.beanissue,U,e 
approach dcscnbed m comtection with Fig. 4 would be a preferred method as it 

■^'•»'"P'^l<«*»lwitiimonoglyceridesa«lsoraeofU.e 
dtg yc«,des, would b« ditected .0 a second extractor and contacted countercunentiy 
with a titglycende stream. This would produce a polar phase ™th a high purity 
mo„oglyc<xide. The uiglyceride phase, now conuining some diglyceride, would 
preferably be sent to a feed inlet of a crude monoglyceridc ptoduction unit 
prefetably after washing and/or shipping to remove water and alcohol 



Example I : Comparison of Extractin n Usinf> Aq iie^,is 
Isopronanol with either Triplvr eride Oil or 
Hexane as a Carrier Phase 

Single stage, equilibrium experiments were performed by mixing 
together aqueous isopropanol (containing either 1 5 or 25% water by volume), a less 
polar carrier phase of either IV 78 com oil or hexane, and crude monoglycerides. 
The samples were made up into test tubes, heated in a temperature controlled water 
bath, and mixed. After mixing, the samples were allowed to stand in the water bath 
for at least 1 hour before sampling. Aliquots were taken of each phase, for the 
systems which formed two phases, and the aliquots were analyzed by gas 
chromatography after being evaporated at 1 ICC in flowing nitrogen. The 
monoglyceride content for the samples in the table below were 2 grams crude 
monoglyceride per 1 0 ml of combined solvent. Samples were also made at 4 grams 
crude monoglyceride per 10 ml of combined solvent, but these did not generally 
result in more than a single phase. The solvents were added at a volume ratio of 
polar solvent to less polar solvent of either 1/1 or 2/1 . The initial composition of tiie 
crude monoglycerides was approximately 60%/35%/5% by weight of 
monoglyceride/diglyceride/ triglyceride. The selectivity for tiie monoglyceride over 
diglycerides and selectivity for monoglycerides over triglycerides are also reported. 
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Test results using hexarie, under the sarhe coiiditions, resulted in 
single phase systems or in two phase systems with selectivity near 1, yielding no 
purification of the crude monoglycerides. 

This example shows the usefulness of the system aqueous 
5 isopropanol/triglyceride for obtaining purification of monoglycerides. The 
selectivity of monoglyceride to diglyceride is sufficient, but the selectivity of 
raonoglyceride to triglyceride is lower than desired. The selectivity is higher at 
higher water concentration, and the preferred water content for use with isopropanol 
is 25 vol% or greater. 

^ 0 Hexane was shown to be unsuitable for use as a second phase. Other 

hydrocarbons are expected to behave similarly. 




Example 2. 

CQmpariaon of Extraction usin^ Aqii«»n u s F.thannI wif ^ 
•5 Either TnHvceride Oil or Hexang r urrier Ph««P 

Single stage, equilibrium experiments were performed by mixing 

together aqueous ethanol (containing either 25 or 35% water by volume), a less polar 

carrier phase of either IV 78 com oil or hexane, and crude monoglycerides. The 

samples were made up into test tubes, heated in a temperahire controlled water bath, 

20 and mixed. After mixing, the samples were allowed to stand at least 1 hour before 
sampling. Aliquots were taken of each phase, for the systems which formed two 
phases, and the aliquots were analyzed by gas chromatography after being 
evaporated at 110°C in flowing nitrogen. The monoglyceride content for the 
samples in the table below wore 2 or 4 grams crude monoglyceride per 10 ml of 

25 combined solvent. The solvents were added at a volume ratio of polar solvent to less 
polar solvent of either 1/1 or 2/1 . The initial composition of the crude 
monoglycerides was approximately 60%/35%/5% by weight of monoglyceride/ 
diglycerida'triglyceride. The IV of the crude monoglycerides was approximately 70. 
The selectivity of the polar phase for monoglyceride over diglycerides, selectivity 

30 for monoglyceride or triglyceride, and the partition coefficient for the 

monoglycerides are also shown. In Tables II and III, the reports for the experiments 
are shown and analogous headings to those used in Table I have analogous 
meanings. 

This example shows the system aqueous ethanol/triglycerides 
35 possesses the beneficial features of high monoglyceride to diglyceride selectivity, 
' high monoglyceride to triglyceride selectivity, and a high extraction coefficient 
(corresponding to high loading of the extractant phase). The aqueous 
ethanol/hexane system has good selectivity, but very low extraction coefficients 
(low loading of the extractant phase). 
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Example 3; Eifrartion UMnp Aaueonr ivf.th^nni Tri rlTrrri rtL 

Single stage, equilibrium experiments were performed by mixing 

together aqueous methanol (containing either 5 or 10% water by volume) aless 
polar carrier phase of IV 40 soybean oil. and crude monoglycerides. The samples 
were made up into test tubes, heated in a tempemture-controlled water bath and 
mixed. After mixing, the samples were allowed to stand at least one hour before 
samphng. Aliquots were taken of each phase, for the systems which fomied two 
phases, and the aliquots were analyzed by gas chromatography after being 
evaporated at 1 1 0»C in flowing nitrogen. The monoglyceride charge for the samples 
m the table below were 1 or 2 grams crude monoglyceride per 10 ml of combined 
solvent. The solvents were added at a volume ratio of polar solvem to less polar 
solvent of 2/1 . The initial composition of the crude monoglycerides was 
approximately 60o/.^35%/5% by weight of monoglyceride/diglyceride/triglyceride 
The IV of the crude monoglycerides was approximately 70. The selectivity of the 
polar phase for monoglyceride over diglycerides. the partition coefficiem for the 
monoglycerides. and the selectivity for monoglycerides over triglycerides are also 
shown. The results are reported in Table IV. In Table IV analogous headings to 
those used in Table I have analogous meanings. 

The example shows the high selectivity (monoglyceride over 
diglyceride and monoglyceride over triglyceride) and high extraction coefficient 
(high loading of the extractant phase) for the aqueous methanol/triglyceride system. 
It appears to be a very feasible system. 
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mixture of 88 vo.% butanol and 13 vom water was added. The samples were gently hea ed 
to dissolve the crude .onoglycerides. 5 .1 of hexane was added to the solution and th 

bath (45 C or 60 C) for at least one hour. The aqueous butanol/hexane/crude monogiyceride 
systen. was observed to form a single phase solution and is not suitable for use in liq T 
extraction processing to purify monoglyceride. 




Crude monoglycerides (IV 70) were weighed into graduated tubes and 
aqueous ethanol was added (16 vom, 23 vo^. or 30 vol«/o water in ethanol). IV 40 soybean 
0.1 was added and the samples were heated to 60oc. mixed, and allowed to equilibratet 7 
leastonehour. TT'echargeofcrudemonoglyceride waseitherlO, 15.or20^100ml 
combined solvent phases, and the ratio ofthe solvent phases was either 2/1 3/1 or 4/1 
pobr/less polar. Aliquots wer. taken and analyzed for fat content (residue upo^ evaporation) 
and for fat composition by GC. The results and calculated values of selectivity 
(monoglyceride to diglyceride content in polar phase over less polar phase) and extraction 
coefficient (concentration of monoglycerides in polar phase divided by concentration of 
monoglycerides in less polar phase) are shown in Table V below. A summary table is also 
given, showing the mean values for selectivity and extraction coefficient as a function of 
loadmg and water content in the aqueous ethanol. 

Summary Table 



Charge 


Water 


^100 ml 


vol% 


10 


16 


10 


23 


10 


30 


15 


16 


15 


23 


15 


30 


20 


16 


20 


23 


20 


30 


20 


60 



Selectivity 
MG/DG 
15 
14 
23 
9 
16 
12 
7 
9 
10 
7 



K(mono) 

27 
1.5 
1.0 
1.8 
1.3 
0.8 
2.4 
1.5 
1.4 
0.7 



The result for 60% water in the aqueous ethanol is from a separate experiment. Water 
loadings higher than 30 vol% in ethanol tended to produce systems with more than two 
phases. 

The results show the generally favorable characteristics of the aqueous 
ethanol/triglyceride system. For a given charge, increasing water content resulted in an 
increased selectivity but decreased extraction coefficient. For a given water content, the 
selectivity decreases with increased monoglyceride charge. This factor supports the need for 
a washing section if high loadings are to be used. 
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• Low Di^lvceride l .«.vi.| 

A series of experiments was run to determine the equilibrium 
distribution between mono-, di-, and triglycerides at moderate levels of diglycende. 
Mixttires were made up using a triglyceride oil, distilled monoglycerides (IV 70), 
and aqueous ethanol. The aqueous ethanol was either 16, 23, or 30 vol% water in 
ethanol. The aqueous ethanol was added in an amount sufficient to give a two phase 
system. The samples were mixed and equilibrated at about 65°C. Aliquots were 
removed and the fat content determined by residual weight after evaporation at about 
1 lO^C in flowing nitrogen. The evaporated samples were then derivitized and 
analyzed by GC to determine the monoglyceride, diglyceride, and triglyceride 
content. Water was determined by Karl Fisher analysis and found to be about 0-3 
wt% of the less polar phase. The ethanol in the less polar phase increased with 
increasing monoglyceride content. Selectivity of the polar phase for monoglycerides 
over diglycerides and the monoglyceride extraction factor (concentrations based on 
weight) are shown in the attached Table VI. 

This example shows that as the fat content of the polar phase 
increases (increased loading) the amount of triglycerides entering the polar phase 
also increases, eventually limiting the monoglyceride purity. However, even at fat 
contents of greater than 10 wt% in the polar phase, the triglycerides are relatively 
low for the aqueous ethanol/triglyceride system. 
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Moderate DiPlvceridft I. ov^^i 
A series of experiments was run to determine the equilibrium 
distribution between mono-, di-, ari^ triglycerides at moderate levels of diglyceride. 
5 Mixtures were made up using a previously extracted triglyceride oil/crude 

monoglyceride mixture (to provide a low level of monoglycerides and moderate 
level of diglycerides), distilled monoglycerides (IV 70), and aqueous ethanol. The 
aqueous ethanol was 23 vol% water in ethanol. The aqueous ethanol was added in 
an amount sufficient to give a two phase system. The samples were mixed and 

1 0 equilibrated at about 65»C. Aliquots were removed and the fat content determined 
by residual weight after evaporation in a vacuum oven at about 120*C. The 
evaporated samples were then derivitized and analyzed by GC to determine the 
monoglyceride, diglyceride, and triglyceride content. Water was determined by Karl 
Fisher analysis and found to be about 0-3 wt% of the less polar phase. Ethanol, 

1 5 determined by difference, was found to be 8-5 wt% of the less polar phase . The 
ethanol in the less polar phase increased with increasing monoglyceride content. 
Selectivity of the polar phase for monoglycerides over diglycerides and the 
monoglyceride extraction factor (concentrations based on weight) are shown in the 
attached Table VII. 
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^^m^- These data can be used to assist in the design of a liquid-liquid extraction process. 

ExamPk 8; F.Xtraction of IV 2 Crude Mn noglvceridg^. 
Usi ng Triplvceride and Aqueous Ethanoi 
5 A single stage separation was performed by mixing 1 0 g of crude 

glycerol monostearate (IV approximately 2, roughly 70 wt% monoglyceride and 30 
wt% diglyceride) with 30 grams of a polar solvent (10 g water, 20 g ethanoi) and 10 
grams of a triglyceride oil (fully hydrogenated soybean oil, IV less than about 5) at 
70 C and allowing the mixture to separate into two phases. Phase 1 weighed 34.7 g 
1 0 and had a fat content of 1 4.7 wt%, with composition 77.4 wt% monoglyceride, and 
1 0.5 wt% diglyceride, and 1 1 .9 wt% triglyceride. Phase 2 weighed 1 5.2 grams and 
had a fat content of 84.8 wt%, with a composition of 12.9 wt% monoglyceride, 17.2 
wt% diglyceride, and 70 wt% triglyceride. These results indicate a selectivity for the 
monoglyceride over diglyceride to the polar phase of 9.8 and an extraction factor for 
1 5 the monoglycerides to the polar phase of 1 .04, on a weight basis. The less polar 
phase was found to contain 2.5 wt% water, and, by difference, 12.7 wt% ethanoi. 

This experiment shows the general feasibility of purification of low 
IV monoglycerides using a low IV fat. 



20 Example 9; Use of Multinfe Triirlvgi>rid«> 'W ash' Extrflgtinn^ 

in CombinaHon with Aqueous Rtlmnnl 

A four-stage batch extraction was performed by mixing 100 g crude 
monoglyceride (IV 70) with 200 g ethanoi and 93 g water at about 70°C and 
sequentially treating with 1 14 g aliquots of triglyceride oil (IV 40). Approximately 

25 4-5 g of the polar phase was removed for analysis after each extraction. Fresh 
triglyceride oil was used for each extraction. Samples of the polar phase and less 
polar phase were analyzed for water content (Karl Fisher), fat content (evaporation 
residue), and ethanoi (by difference). The evaporated samples were then derivitized 
and analyzed by GC for the monoglyceride, diglyceride, and triglyceride content. 

30 Results are shown in Table VIII below. 
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Applicants believe that additional washing stage^o^ 
current extraction apparatus; could be used to reduce the diglyceride content of the 
polar phase to any desirable level. Applicants also believe that the triglyceride 
content of the polar phase can be controlled through choice of the aqueous alcohol, 
contacting, temperature, overall fat content, or other methods. 

This example shows the progressive removal of diglycerides from 
monoglycerides, by washing with triglycerides. 



Example 10; r^mpargtive A»alyffifi ftf 
Distilled Mnnoptvferiflff} 
Several samples of commercially available distilled monoglycerides 
were analyzed by gas chromatography to determine the monoglyceride, diglyceride. 
and triglyceride content (excluding glycerol, free fatty acid, and other contaminants'). 
The results, shown in Table IX below, indicate that diglycerides are the major 
1 5 impurity in the monoglycerides and are present at levels of greater than 2.9 wt%. 
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Example 1 1 ; Washing of Raflinate R ^ uce Alcnhni Pi^i^f m 

A sample of raffinate was prepared by doing a single extraction of 
crude monoglycerides (1000 g, IV 70) with a triglyceride mix of 500g IV 2 soybean 
oil and 500 g IV 70 soybean oil and an aqueous alcohol mix of 930 g distilled water 
and 2000 g food grade ethanol. After equilibration at 70**C. The phases were 
separated and the raffinate was divided into 10 gram aliquots. The aliquots were 
held at 70 C and treated as shown in Table X. The treatment reduced the ethanol 
content of the raffinate, as shown in Table X. Fat content was determined by 
evaporation residue, water by Karl Fischer, and ethanol by difference. 





Raffinate 

before 

washing 


Raffinate 
washed 
3 times, 4ml 
water 


Raffmate 

washed 

2 times, 12ml 

water 


Raffinate washed 
1 time, 25ml 
water 


Fat content, wt% 


88.3 


96 


96.3 


92,4 


Water, wt% 


2.4 


2 


L6 


1.9 


Ethanol, wt% 


9.3 


2 


2.1 


5.7 



This example shown the ability to wash the raffinate by contacting 
15 with water, to reduce the alcohol content. 
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Example 12; Product Recoverv in a W iped Film Fvaporatnr 

The aqueous alcohol/monoglyceride extract from extraction of crude 
monoglycerides of animal origin (62 wt% monoglyceride, 35 wt% diglyceride, and 3 
wt% triglyceride) was pre-concentrated using a rotary evaporator to a fat content of 
about 44 wt%. This material was then fed at 1 70 g/hr. to a lab scale wiped film 
evaporator, Model KDL-4 from UIC, Inc., Joliet, Illinois, running at an evaporator 
temperature of 76*C and a pressure of 250 mm HG absolute. The bottoms product 
was collected and volatiles were determined by evaporation at 1 10°C in flowing 
nitrogen. The residual volatiles, water and ethanol, were less than 0.4 v/t%. 

Example U: GC Anaivtigal Procedure 
Fat compositions can be determined by any suitable method, for 
example gas chromatography. A preferred method is to evaporate the samples at 
approximately 1 10*C in flowing nitrogen, or under vacuum, to remove water and 
alcohol. Approximately 0.4 g of sample is then dissolved in 400 microliter of 
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chlorofbim and derivitiied by adding 406 mi^^ 

of BSTFA soluUon from Regis Technologies, Inc., Morton Grove. Illinois (BSTFA 

.s B,s(tnmeAylsilyl)trifluoroacetamide). The sample is then analyzed using a 

Hewlett Packard Model 5890 using a 1 meter capillary column. Model DB5HT from 

5 J&W. The sample is prepared for GC injection by diluting 10 microliters of the 

denvnized solution with 1 .5 ml of dry chloroform prior to injection. Tl^e area 

percent figures are converted to weight percent for the monoglycerides, diglycerides 

and tnglycendes using relative response factors determined from appropriate 

standards. The totals are normalized to 100% for the combined mono-, di-, and 
10 triglycerides. 



Examplf 14: Ffffctivf Pohr Phi..e romnn.iHnn ,„h ir.^rn r ti irn rnrffiri. „( 

Emnhinnf Fftrmatiirn 

A mixture of fats was prepared from 900 g IV 70 crude 
monoglyceride and 600 g of partially hydrogenated vegetable oil. An initial aqueous 
extraction phase was prepared from 360 grams ethanol and 90 grams water This 
solution was contacted with 450 g of the fat mixture, which had been melted and 
was held at 63-70 C. The combined mixture was stirred at 1 000 rpm for 1 0 minutes 
then allowed to settle for 30 minutes. After setUing. a small sample was taken of 
each phase and analyzed for fat content and composition. After each test, additional 
fat mixture and additional water was added, keeping the total amount of fat roughly 
equal to the combined weight of water plus ethanol. while adjusting the water 
content of the water/edianol phase higher. In the table below (Table XI), the 
calculated water content is based on the nominal water plus ethanol content When 
the water content was 36 wt. % or less, the aqueous phase was on top; around 40 wt 
% water, the aqueous phase and oil phase had similar density and did not phase 
separate; at 44 wt. % water or higher, the aqueous phase was on the bottom; and at 
52 wt. % water or higher, the oil phase was cloudy and the compositional analysis 
seemed to indicate an emulsion had formed. Fat content is reported as weight % fat 
based on total phase weight, MG, DG and TG are the weight percent of fat which is 
monoglyceride, diglyceride or triglyceride, respectively. 
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rapidly, starting at a nominal water content of 36 wt. %: At those conditions it 
should be possible to wash the system and remove water soluble impurities ^^thout 
extractmg a significant portion of the monoglycerides. 

A Hvnothefiral rnmn,yrnn| fryfitcin 
A commercial plant, with a capacity of about 20 million pounds of 
purified monoglyceride per year, could theoretically be set up with the following 
flow rates. A triglyceride rich stream, with a flow rate of about 2 165 Ib/hr 
triglyceride, and other components as described in the wash extraction section 
would be mixed with a crude monoglyceride stream which has a flow rate of 3900 
lb./hr, consisting of 2400 Ib./hr. of monoglyceride. 1350 lb./hr. diglyceride and 150 
lb./hr. of tnglyceride. The crude monogloycerides would be prepared by the 
reaction of diglycerides. triglycerides, and glycerin using a catalyst, such as NaOH 
or other bases. After the reaction, the catalyst would be neutralized and removed 
and the crude monoglycerides cooled. Excess glycerin would be decanted off and an 
evaporator would be used to further strip glycerin from the product. TTie combined 
stream (crude monoglycerides and triglyceride rich stream) would be charged to one 
end of a countercurrent extraction train, consisting of about 4 mixer/setUer vessels 
This extraction train would be known as the primary extraction train. To the other 
end of the extraction train would be charged 14.630 lb./hr. of an aqueous alcohol 
extractant. consisting of 10.850 lb./hr. of ethanol and 3,780 lb./hr. water. The 
raffinate phase, following extraction, would contain about 2115 lb./hr. triglyceride 
1330 Ib./hr. diglyceride, 20 lb./hr. monoglyceride, 80 IbThr. water, and 350 lb./hr. ' 
ethanol. The raffinate stream would be contacted countercurrently with 700 lb./hr. of 
water, to form an aqueous phase with 700 lb./hr. water and 270 lb./hr. of ethanol 
which would be used as a portion of the aqueous alcohol extractant composition ' 
The raffmate would then be vacuum stripped to remove ethanol and water and would 
be used as a feedstock to a monoglyceride production reactor. 

The extractant phase, following the extraction train, would contain 
approximately 10,850 IbThr. ethanol. 3.780 lb./hr. water. 2.400 lb./hr. 
monoglyceride, 350 lb./hr. diglyceride, and 200 IbThr. triglyceride. This phase 
would be fed to one end of a countercurrent extraction train, containing another 4 
mixer/settler stages. This extraction train would be used to "wash" the diglycerides 
from the aqueous alcohol extractant phase to further purify the monoglycerides. To 
the other end of the train would be fed about 2065 lb./hr. of triglyceride. After 
extraction, the triglyceride rich stream would have a flow rate of about 2165 lb./hr. 
of triglyceride, 330 lb./hr. of diglyceride, 20 lb./hr. of monoglyceride, 80 lb./hr. 



PCIVUS97A)3608 

'y/^^aivl 350 IbThr. ethanol. It would preferably be used as the triglyceride rich 
stream feed to the primary extraction train, described above. The extractant phase, 
following the wash extraction stage, would have a flow rate of about 1 0,500 lb./hr. 
ethanol, 3700 lb./hr. water, 2380 lb./hr. monoglyceride, 20 lb./hr. diglyceride and 
5 100 lb./hr. triglyceride. 

The purified monoglycerides would be removed from the extractant 
stream. For example, a multiple stage evaporator, perhaps followed by a wiped film 
evaporator, would be used to remove the ethanol and water to produce a stream of 
molten monoglycerides, containing approximately 2380 lb./hr. monoglyceride, 20 
1 0 IbThr. diglyceride, and 1 00 Ib./hr. triglyceride. 

Usg of Purified MonogKcerides nr Puri fied PflMT; 

Purified monoesters can be used to prepare a liquid shortening, 
suitable for use in bread, cake batter, pizza dough, and other applications. The liquid 
1 5 shortening would consist of up to about 1 2 wt% purified monoester, about 2-8 wt% 
of a solid fat with IV less than about 6, and the remainder would primarily be a 
liquid oil, such as partially hydrogenated vegetable oil with an IV of about 90 to 
140. 

Purified monoesters can also be used to prepare a plastic shortening, 
20 suitable for use in cake mixes, and would contain about 2-14 wt% of the purified 
monoester (typically PGME), For bread shortenings, the level of monoester would 
be higher, amounting to about 6-20 wt% of the shortening, to achieve a total level in 
the bread of about 0.2-2.5 wt% monoester. 

Purified monoglycerides can also be added directly to bakery 
25 products. Typically the monoglyceride would be added at a rate of 0.2-0.5 wt%, dry, 
based on flour. The monoglyceride would typically be hydrated prior to use. 

Purified monoglycerides, typically with IV less than about 5, could 
also be added directly to starch-based foods and dried potato products. The use level 
would typically be 0. 1 - 1 .5 wt%. 
50 Purified PGME, with an IV less than about 5, can also be used in 

whipped toppings, with a use level typically of 0.5-2 wt%, and in powdered toppings 
at levels of 5-10 wt%. 

The purified monoglycerides are also suitable for use in making 
margarine. For example, a stick margarine or whipped hard margarine can be made 
35 using about 0. 1-0.5 wt% of purified monoglyceride (IV less than about 5), about 80 
wt% vegetable fat (may be partially hydrogenated), about 17% water or milk, and 
salt, vitamins, flavor, color, antioxidants, other emulsifiers, etc. A soft margarine 
(tub margarine) could be made in a similar manner, but the monoglyceride level 
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would preferably be increased slightly and the IV of the monogl^^^^ 
typically be about 30-70. The vegetable fat would be largely replaced with a 

partiallyhydrogenatedvegetableoiltoprovidethedesireddegreeofsoftness A 

liquid margarine would use a monoglyceride with an IV of 70-125 and would 

5 -P'-^-the vegetable fat with a liquid vegetable oil withjust a few percent of hard 
tal dispersed in it (a liquid slioitening). 

Diet table spreads can be made .King 40-75 wt% of a vegetable fat 
(may be partially hydrogenated). 23-58 wt% water, 0.5-1 .5 wt% purified 

™"°8ly«,ideaVtypically70.125),and,al,vi,ami„s,flav„r.color.^^^^^ 
10 other emulstfier., etc. As the amount „f ft, i,„a^tt„^„„,„f 

« mcr^. For spreads with less than 40% fet. the monoglyceride eontem would 
typrca^ ly be 1-2 wt«/., and for fat-ftee spreads the monoglyceride eontem would 
typically be about 2-4 wt%. 

The purified monoesters, when combined with other additives are 
1 5 also suitable for ice cream production. 
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X. Some Vari^fiftnff 

It is anticipated that in some applications variations of the techniques 
descnbed herein will be desirable. For example, if the triglycerides content of the 
polar phase of leaving the washing step, for example in line 66. Fig. 1. is undesirably 
high, steps can be taken to lower its content before the monoglycerides are purified 
or isolated. This can be done, for example, by increasing the water content 
rendenng the triglycerides less soluble in the polar phase. In addition, a non-polar 
solvent, such as a hydrocarbon solvent, could be used to facilitate this. It is noted 
that m general it is preferred to avoid hydrocarbon solvents in systems according to 
the present invention but they may find some use in such instances. 

As an alternative to the approach described in the previous paragraph 

one could include hydrocarbon solvents in the triglycerides feed in line 65 Fig 1 ' 
going mto the washing step 60. Generally, it is anticipated that if this is practiced' 
this system would involve less than 20% by weight hydrocarbon solvent and 
typically 1 0% by weight or less, based on total weight of triglycerides plus 
hydrocarbon, i.e., non-polar solvent. It is foreseen that the addition of hydrocarbon 
solvents will not be prefeired. since steps would need to be taken to handle their 
removal. However, they may be useful to facilitate some liquid/liquid extractions in 
3 5 systems according to the present invention. 

Also, in some options one may wish to add v^^ter or alcohol to the 
polar phase as it leaves the extraction step and prior to the washing step, for 
example, addition to line 55, Fig. 1 . This would be done in order to modify the 
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polarity of the phase, thereby affecting the solubility of diglycerides and/or f 
triglycerides therein, during the washing step. 

It is also noted that in some systems mixed alcohols may be desirable, 
as the alcohol solvent in the alcohol phase. This might be usable to fine tune the 
5 selectivities in some systems, for example. 

In some systems, it may be desirable to conduct both the primary 
extraction and the follow up washing in the same multi-stage extraction equipment. 
In such systems, the crude monoglyceride feed would occur at an intermediate 
location. 



I*CT/US97/63608 



CLAIMS 
1. 



A method 0 preparing a purified target ester-containing food composition; 
said method including steps of: 

(a) providing a crude ester composition at least including: 

(i) target ester selected from the group consisting of: 

(A) Cj-diol target esters of fatty acids; 

(B) Cj-triol target esters of fatty acids; and, 

(C) mixtures of (i)(A) and (i)(B); and, 

(ii) contaminating ester selected from the group consisting of: 

(A) Cj-diol contaminating esters of fatty acids; 

(B) Cj-triol contaminating esters of fatty acids; and, 

(C) mixtures of (ii)(A) and (ii)(B); 

(b) adding, to the crude ester composition, an effective amount of 
triglycerides to fonn a primary extraction, triglyceride-containing. 
phase as a crude ester phase for extraction; and, 

(c) extracting the crude ester phase for extraction, from step (a), with an 
aqueous alcohol phase to selectively extract, into an extractant phase, 
a first one of: 

(i) selected target ester; and, 

(ii) selected contaminating ester; 
relative to a second one of: 

(iii) selected target ester; and, 

(iv) selected contaminating ester. 

2. A method according to claim 1 wherein: 

(a) said step of providing a crude ester composition comprises providing 
a crude ester composition containing: 

(i) monoglyceride as target ester; and, 

(ii) a mixture of triglycerides and diglycerides as contaminating 
ester; 

(b) said step of extracting comprises preferentially extracting target ester 
into said extractant phase, relative to crude contaminating ester. 

3. A method according to claim 2 including: 

(a) conducting said step of extracting ester from the triglyceride- 
containing phase with an ethanol/water extractant; 
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(b) separating an ethanolAvater extrac&it phase fix)m a resulting priinaiy 

extraction, triglyceride-containing phase, after conducting the 

extracting of step 1(c); and, 
(c) isolating a purified monoester composition from the alcohol/water 

extractant phase after said step of separating. 

4. A method according to claim 2 wherein: 

(a) said step of providing a crude ester composition includes providing a 
crude ester composition comprising: 

(i) at least 20%, and no more than 70%, monoglyceride, by wt., 
based on a total weight of monoglycerides, diglycerides and 
triglycerides, in the crude ester composition; and, 

(ii) at least 1 5%, by wt., diglycerides, based on a total weight of 
monoglycerides, diglycerides and triglycerides in the crude 
monoester composition; and, 

(b) said steps of extracting are conducted sufficiently to provide a 
purified extractant phase having: 

(i) a monoglyceride presence of no less than 85%, by wt., based 
on a total wt, of monoglycerides, diglycerides and 
triglycerides in the purified extractant phase; and, 

(ii) a diglyceride to triglyceride weight ratio of no greater than 
1:1. 

5. A method according to claim 2 wherein: 

(a) said step of providing a crude ester composition comprises providing 
a crude monoglyceride composition prepared from reacting glycerol 
with oil selected from the group consisting of: palm oil; sunflower 
oil; canola oil; and, soybean oil. 

6. A method according to claim 1 wherein: 

(a) said step of extracting with alcohol/water extractant comprises 
extracting with an ethanol/water extractant. 

7. A method according to claim 6 wherein: 

(a) said step of extracting with ethanol/water extractant comprises 
extracting with extractant containing: 60% to 90% ethanol, by 
weight; and, 1 0% to 40% water, by weight. 
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A method according to any one o^claims 2-5 including a step of: lift 

(a) washing a resulting extractant, containing monoglycerides. from the 
step of extracting, with a triglyceride-containing phase. 

A method according to claim 8 wherein: 

(a) said step of washing comprises a multi-stage wash. 

A method of preparing a purified target ester-containing food composition; 
said method including steps of: 

(a) providing a crude ester composition at least including: 

(i) target ester selected from the group consisting of: 

(A) Cj-diol target esters of fatty acids; 

(B) Cj-triol target esters offatty acids; and, 

(C) mixtures of (i)(A) and (i)(B); and. 

(ii) contaminating ester selected from the group consisting of: 

(A) Cj-diol contaminating esters of fatty acids; 

(B) Cj-triol contaminaUng esters of fatty acids; and, 

(C) mixtures of (ii)(A) and (ii)(B); 

(b) extracting the crude ester composition of step (a) with an aqueous 
alcohol phase to selectively extract, into an extractant phase, a first 
one of: 

(i) selected target ester; and, 

(ii) selected contaminating ester, 
relative to a second one of: 

(iii) selected target ester; and, 

(iv) selected contaminating ester; 

(c) treating the extractant phase from step (b) with a crude triglyceride 
phase to form: 

(i) a purified extractant phase; and, 

(ii) a triglyceride phase; and, 

(d) separating the purified extractant phase resulting from step (c) from 
the triglyceride phase resulting from step (c). 

A method according to claim 10 wherein: 

(a) said step of providing a crude ester composition comprises providing 
a crude ester composition containing: 
(i) monoglyceride as the target ester; and. 
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(b) 
(c) 
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(ii) a mixture of triglycerides and diglj^cies a^ 
ester;' 

said step of extracting comprises preferentially extracting target ester 
into said extractant phase, relative to crude contaminating ester; and, 
said step of treating comprises reducing a diglyceride presence in the 
extractant phase, relative to monoglyceride presence. 



12. A method according to claim 1 1 wherein: 

(a) said step of providing a crude ester composition includes providing a 
crude ester composition comprising: 

(i) at least 20%, and no more than 70%, monoglyceride, by wt., 
based on a total weight of monoglycerides, diglycerides and 
triglycerides, in the crude ester composition; and, 

(ii) at least 1 5%, by v^., diglycerides, based on a total weight of 
monoglycerides, diglycerides and triglycerides in the crude 
monoester composition; and, 

(b) said steps of extracting, treating and isolating are conducted 
sufficiently to provide a purified extractant phase having: 

(i) a monoglyceride presence of no less than 90%, by wt., based 
on a total wt. of monoglycerides, diglycerides and 
triglycerides in the purified extractant phase; and, 

(ii) a diglyceride to triglyceride weight ratio of no greater than 
1:1. 

13. A method according to claim 1 2 including a step of: 

(a) adding a crude triglyceride mixture to the crude ester composition 
prior to said step of extracting; said step of adding a crude 
triglyceride being conducted such that the resulting composition 
contains more triglycerides than diglycerides, by weight. 

14. A method according to claim 12 wherein: 

(a) said step of providing a crude ester composition includes providing a 
crude ester composition comprising at least 30%, by wt., of 
monoglycerides and at least 25%, by wt., of diglycerides, based on 
total weight of monoglycerides, diglycerides and triglycerides in the 
crude monoester composition. 



A method according to any on^^jlmt i^^\Serein: 
(a) said step of extracting with an aqueou?alcohol extractant comprises 

extracting with extractant containing: 60% to 90% ethanoi, by 

weight; and, 1 0% to 40% water, by weight 

A method according to claim 1 5 including a step of: 
(a) isolating a purified monoglyceride product from die purified 
extractant phase. 

A method according to claim 16 further including a step of: 
(a) incorporating an emulsifying effective amount of purified 
monoglyceride product into a margarine composition. 

A method accordmg to claim 16 further including a step of: 
(a) incorporating an emulsifying effective amount of purified 
monoglyceride product into a shortening composition. 

A method according to claim 16 including a step of: 

(a) modifying the purified monoglyceride product to a derivative selected 
from the group consisting of: acetylated monoglycerides; citric acid 
esters of monoglycerides; sodium salts of citric acid esters of 
monoglycerides; and lactic acid esters of monoglycerides. 

A method according to claim 10 wherein: 

(a) said step of providing a crude ester composition comprises providing 
a crude ester composition containing: 

(i) diglyceride as target ester; and, 

(ii) a mixture of monoglycerides and triglycerides as 
contaminating ester; and, 

(b) said step of exU-acting comprises selectively exti^cting 
monoglyceride contaminating ester into the extractant, relative to 
diglyceride target ester. 



A method according to claim 20 including a step of: 
(a) incorporating an effective amount of a resulting purified diglyceride 
composition into shortening. 



method Sccoixim^^ 

(a) said step of providing a crude ester composition comprises providing 
a crude ester composition containing: 

(i) propylene glycol monoester as target ester; 

(ii) monoglycerides; and, 

(iii) a mixture of triglycerides and diglycerides as contaminating 
ester; 

(b) said step of extracting comprises preferentially extracting target ester 
and monoglycerides into said extractant phase, relative to 
contaminating ester; and, 

(c) said step of treating comprises reducing a diglyceride presence in the 
extractant phase, relative to monoglyceride presence. 

A method according to claim 10 wherein: 

(a) said step of providing a crude ester composition comprises providing 
a crude composition containing: 

(i) propylene glycol monoester as target ester; and, 

(ii) mixture of monoglycerides, diglycerides and triglycerides as 
contaminating ester; 

(b) said step 10(b) of extracting comprises preferentially extracting 
monoglycerides into said extractant phase, relative to a triglyceride 
phase containing propylene glycol monoester, diglycerides and 
triglycerides; 

(c) said method further including: 

(i) a step of extracting the triglyceride phase from step 1 0(d) v^dth 
an aqueous alcohol extractant to selectively extract propylene 
glycol from a triglyceride phase containing triglycerides and 
diglycerides; and, 

(ii) a step of washing the extractant phase from step 23(c)(i) with 
crude triglycerides to form a purified propylene glycol 
monoester phase; and, 

(iii) isolating a purified propylene glycol monoester product from 
the purified propylene glycol monoester phase of 

step 23(c)(ii). 

A method according to claim 23 including a step of: 
(a) incorporating an aerating effective amount of purified propylene 
glycol monoester from step 23(c)(iii) into a food mix. 



A methbd of prepanng a purified diglyceride food composition from a crude 
ester composition containing monoglycerides, diglycerides and triglycerides; 
said method including the steps of: 

(a) providing a crude ester composition containing at least four times as 
much diglycerides as triglycerides, by wt.; 

(b) extracting the crude ester composition of step (a) with an aqueous 
alcohol phase to selectively extract, into the extractant phase, 
monoglycerides, to form: 

(0 an extractant phase; and, 
(ii) a diglycerides phase; and, 

(c) separating the extractant phase and diglycerides phases from step 
25(b); 

(d) said step of extracting being conducted sufficiently to extract at least 
90%, by wt., of monoglycerides in the crude ester composition. 

A method according to claim 25 includmg a step of: 

(a) incorporating an effective amount of purified diglyceride composition 
into shortening. 

A monoglyceride composition comprising: 

(a) at least 85%, by wt., monoglycerides based on total weight of 
monoglycerides, diglycerides and triglycerides; and having a 
diglycerides to triglycerides weight ratio of no greater than 1 to 1. 

A diglyceride composition comprising: 

(a) at least 60%, by wt., diglycerides, based on total weight of 

diglycerides, monoglycerides and triglycerides, and containing less 
than 1%, by wt., monoglycerides, based on total weight of 
diglycerides. monoglycerides and diglycerides. 

A purified monoglyceride product prepared according to tiie process of any 
one of claims 1-16. 



A purified diglyceride product prepared according to the process of any 
of claims 1, 10, 20 and 25. 
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A propylene glycol product prepared according to the process of any (Je of 
claims 1, 10, 22 and 23. 

A food product prepared according to the process of any one of claims 17, 
18,21 and 24, 

A processing facility for purifying crude monoester compositions comprising 
C3-diol monoesters of fatty acids, said processing facility including: 

(a) a primary counter-current extractor having: 

(i) a crude ester composition inlet feed; 

(ii) an alcohol/water extraction inlet feed; 

(iii) an alcohol/water extraction outlet; and, 

(iv) an organic raflfmate outlet; and, 

(b) a secondary counter-current extractor including: 

(i) an alcohol/water extractant inlet; 

(ii) a triglyceride extractant inlet; 

(iii) an alcohol/water extraction outlet; and, 

(iv) a triglyceride extraction outlet; 

(c) a fluid direction conduit arrangement includmg: 

(i) a flow conduit from said triglyceride extractant outlet of said 
secondary counter-current extractor to said crude ester 
composition inlet feed of said primary counter-current 
extractor; and, 

(iO a flow conduit from said alcohol/water extractant outlet of 
said primary counter-current extractor to said alcohol/water 
extractant inlet of said secondary counter-current extractor; 

(d) a source of triglyceride constructed and arranged to selectively direct 
triglyceride into said secondary counter-current extractor triglyceride 
extractant inlet; and, 

(e) a source of crude ester composition constructed and arranged to direct 
crude ester coniposition into the crude ester composition inlet feed of 
the primary counter-current extractor without direction of the crude 
esters, from the source, through the secondary counter-current 
extractor. 
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